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2
Mathematical Formulae
Compound Interest

Total amount = P(l + L]”
100

Mensuration
Curved surface area of a cone = vl

Surface area of a sphere = 4nr”

Volume of acone = %:r:rzh -
4
Volume of a sphere = 3 wr

Area of triangle ABC = %absin C
Arclength =r@, where @ is in radians

1 .. .
Sector area :-f @, where @ is in radians

Trigonometry

a _ b ¢
sinA  sinB  sinC

@ =b" 4+~ 2bccos A

Sratistics

Mean =

i
2f
Standard deviation = AJi Z fx
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Answer all the questions.

6.7 ~¥4.8

20.15-19.99

Write down the first six digits of your answer.

I (a Calculaie

2 Write the following in descending order.

54 5
7] 30.512 0.77¢ 0.802

Answer ... _ : e o 2]

3 Giventhat 9%27™" =1, find the value of nn.

ARSWEr B = ..o, [2]

4 The sine of an obtuse angle is 0.6.

Without using a calculator, find the cosine of this angle.

[Turn over
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The diagram shows a sketch of a regular hexagon and a regular octagon.
Calculate x.

Answer X=............... . .. 2}
6 Brian is Jeaving Singapore to further his snudies in the United Kingdom.
In Singapore, the exchange rateis 1 Singapore Dollar = 0.478 British Pounds.
In the United Kingdom, the exchange rate is 1 British Pound = 2.113 Singapore Dollars,
Brian would like to change 2500 Singapore Dollars into British Pounds.
How many fewer British Pounds will he get by changing his money in the United Kingdom?
Answer ... ... British Pounds [2]
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7  Matthew bought a new car. At the end of each year, the car’s value depreciates by 10%.
The value, $C, of the car ¢ years after being bought is given by

C =85000%0.9°.
{a) How much did Matthew pay for his new car?

Answer (@ $...... ... 1]

(b) Find the percentage decrease in the value of his car at the end of three years.

Answer (B) ...o....c.... e e % [1]

8 Two geometrically similar solids made from the same material have masses 3.60 kg and 12.15 kg
respectively.

Calculate the ratio of the area of the smaller solid to the area of the larger solid.

[Yurn over
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9 Dawn invested some money in a savings account that was compounded every six months.
The rate of compound interest was 5% per annum.

At the end of the 4 years there was $14620.83 in her account.

How much did Dawn invest in the account at first?

Give your answer correct to the nearest dollar,

Amswer $.... .. 3]

10 A rectangle with length 40 cm is divided into five identical shaded rectangles and another six

identical unshaded rectangles.

+ X

|
=

v

+ 40 cm
The shaded area makes up two-thirds of the unshaded area.
Fiud the Jengths labelled x and y.

Answer x=............ .. cm
PToiiieiinns .em [3]
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11 Mr Tan decided to buy a laptop under a hire-purchase scheme.

He would have paid $3906 in total under the scheme, which coasists of a deposit of 15% of the
selling price of the laptop plus 24 equal monthly payments of $140.25.

‘What is the selling price of the laptop?

Answer $ ... . (31
12 Two points P and O have position vectors p and q respectively, relative to an origin O.
It is given that 73] and «
is given that p = and q= :
g P 4 q 0
Find
(@) PQ inerms of &,
Answer (@) PQ =......... Lot
(b) the possible values of &£ if OP and OQ are two sides of a thombus.
Answer (BYk=............ Or ... ..... 21
[Turn over
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13 £ ={integersx:15x<12}
A ={ factors of 12 }
B = { multiples of 4 }

(a) Draw a Venn diagram to illustrate this information.

Answer (a) -

A

] S,7,%,100

{2]
(b) Describe in words what the set (AU B)' represents.
Answer (b) .. )
) 1
14 A train 45 m long passes through a tunnel 6 km long.
The average speed of the train is 27 km/h.
{a) Change 27 km/h into m/s.
Answer (@) ........ . iiieeeieins m/s [1]
(b) Calculate the time taken for the train to pass completely through the tunnel.
Give your answer in minutes and seconds, to the nearest second.
Answer (b) ... minutes ... ;e{onds [3)

Need a home tutor? Visit us at www.championtutor.com



15 Simplify

(a)

28x%y 7 +16x%y",

Answer {(a)........... e eeieas [2]

16 The numbers 1 to 100 are arranged in a table as shown below.

A U-shaped, shaded frame can be placed around various numbers throughout the table.

| 2 [ 4 5 | 6 | 7 g | 9 [ 10
14 | 15 {16 | 17 | 18 | 19 | 20
91 | %2 | 93 | 94 [ 95 [ 96 | 97 | 98 | 99 | 100

The U-number is used to refer 1o the shaded frame that is drawn around a particular number.

For example, U; refers to the shaded frame shown above since it is drawn around the number 2.

(a)

State the largest possible {/-number.

Answer (@Y oo [t]

(b) Write and simplify an expression, in terms of », for the sum of the numbers in U,.

Answer (b)............ . (2]
(¢) Find the sum of numbers in Uss.
Answer {¢)........ ... 1]
[Turn over
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17 The resistance of a wire, R ochms, is inversely proportional to the square of its diameter, d pum.

(a) Sketch a resistance-diameter graph for the wire.

Answer (@)
R4
0 >
a [
For a fixed length of wire, the resistance is 25.6 ochms when the diameter is 50 um.
(b) Find the equation for R in terms of d.
Answer (BYyR=.......... e e [2]
(¢) Another wire of the same length has resistance 120 ohms.
Calculate its diameter.
Answer (€).......... C e pm [1]
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18 A composite container made from a cylinder and a cone has a vertical height of 30 cm.
Water is poured inte the empty container at a constant rate.

It takes 60 seconds to fill up the entire container.

(a) Find the time taken to fill up the cone.

Answer (a)......... .... seconds {2]

(b) Sketch the graph of how the depth of water in the container varies during the 60 seconds.
Answer (b)

F 3
K !
' |
Depth ..} : f
om i |
|
: !
0 20 60 - !
Time (seconds) [2]
[Turn over
6
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19 The diagram shows the box-and-whisker plots for the distributions of the speeds, in km/h, of 100

vehicles before and after a speed camera was placed on an expressway.

PO 65270 75 807 85 9995 74

(a) Find the interquartile range of the distribution before the camera was placed.

Answer (@) .............. veeereree. km/h [1]

(b) Find the interquartile range of the distribution after the camera was placed.

Answer (&) .......... ... km/h 1]

(c) After the camera was placed, 25% of the motorists were issued with traffic summons for
exceeding the speed limit of the expressway.

What is the speed limit of the expressway?

Arswer (C) ..ooovive aiiiiiann, km/h 1]

(d) Has the speed camera been effective in regulating the speed limit of the expressway?
Explain your answer by comparing the distributions of the speeds before and after the

camera was placed.

Answer (d)
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20 Abraham and Lincoln sent out some letters, postcards and greeting cards.

The number of letters, postcards and greeting cards is shown in the table below.

e e P : R ot T A A BV, G i

The postage for each letter, postcard and greeting card is $0.30, $0.40 and $0.50 respectively.

(a) Write out a 2 x 3 matrix P and a column matrix Q to represent the above information.

Answer (a)P =
Q= 2]
(b) Evaluate the matrix S = PQ.
Answer (b)S = 2]

(¢) State what the elements of S represent.

i

[Turn over
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21 The diagram shows a spinner with nine numbered sectors of identical sizes.

Each time the pointer is spun, it is equally likely to stop on ene of the sectors.
(a} The pointer is spun once.

Find the probability that it stops on an odd number.

Answer (@) .......... iiiieiiieen [1]

(b) Aysha spins the pointer twice.

Find the probability that the pointer Jands on a prime number at least once.

Answer (b)Y ... ... . . [21

{¢) Natasha spins the pointer twice.
Her score is found from the difference of the numbers from ber two spins.

Find the probability that her score is 0.

Answer (C)........... [2]
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22 Benjamin has 165 identical cubes of sides 2 cm.
(a) He uses some of the cubes to make a cuboid which
Calculate the total surface area of the cuboid.

“

(b) Benjamin makes the largest cube possible using some of the 165 cubes.
He then makes the largest cube possible from the unused cubes.
How many cubes will he have left over after making the second cube?

+

Answer (b) .............. ... [2]
(¢} Benjamin uses all 165 cubes to make a cuboid.
Find the dimensions of the cuboid.
Answer (€)...... Lemby ... ..emby ... .cm [2]
[Turn over
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23 Expressions for the lengths of three sides of a quadrilateral are shown on the diagram below.

All lengths are in centimetres.

A Ix+1 B

(a) The perimeter of this quadrilateral is given by the expression (11x+19) cm.
Find an expression, in terms of x, for the length of DC.

Give your expression in its simplest form.

(b) Given that ABCD is a parallelogram and that AB = AD, calculate the perimeter of ABCD.

Answer (B) ..................... ... cm 2

(¢} Calculate the area of ABCD if AC = (10x —6) cm.

Answer (€)..covvnne. Ll ...cm’ (5]

END OF PAPER
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Mathematical Formulae

Compound Interest

Total amount=P| 1+ —L}n
100

Mensuration
Curved surface areaofacone=nr!

Surface area of a sphere = 4r®

Volume of a cone = %ﬂ:rzh
4 5
Volume of a sphere = gnr

. 1 .
Area of triangle ABC = Eabsm C
Arclength=r@, where # is in radians
1 b d - - -
Sector area =Er‘9 , where & is in radians

Trigonometry

a b
sindA  sinB sinC

& =b +c*—2bccos A

Statistics
Mean = ?—?
2 2
Standard deviation = J% _(%]
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Answer all the guestions.

2 _3f
1 (a) Calculate u—
20.15-1999

Write down the first six digits of your answer. |

Answer {a) 2700“:' ‘/

(b) Write down your answer to part (a) correct to 2 significant figures.

Answer  (b) 270 / ]

2 Write the following in descending order.

54 s
E 3.‘;’0_512 0_7?6 0.802

086597 0% o 8042%3 0 K02

2
Z [
Answer G7/ , 0.1 0%\0/‘,'/0%}( 2]

3 Giventhat 9%x27" =1, find the value of n.
-~ T
Ix27" "=y
-h
3 -
Ix(z*) =
fxﬂ'?,"":eg

)- -3n =0 2 /
P ‘/’5;} Answer n=............ 3 ................. 2]
_ n=-13_
4 —
4  The sine of an obtuse angle is 0.6.
Without using a calculator, find the cosine of this angle.
SNL 0.6
'5-;—5.}“‘
~
T c
_ %
ARSWEr .o D 2]
S [Turn aver

i
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The diagram shows a sketch of a regular hexagon and a regular octagon.

Calculate x.

-y

L)

ey
(6-D>72 o
" ‘:'. -
—E L
(" -L)X(gD v
X J =4 E<4

-]

360" ~ 135 -120 =087

5 . 2

Answer x= ... ... \Q § ........... [2]

6  Brian is leaving Singapore to further his studies in the United Kingdom.
In Singapore, the exchange rate is 1 Singapore Dollar = 0.478 British Pounds.
In the United Kingdom. the exchangerate is 1 British Pound = 2.113 Singapore Dollars.

Brian would like to change 2500 Singapore Dollars into British Pounds.

How many fewer British Pounds will he get by changing his money in the United Kingdom?
s¢ 2500 ¢! o 475 = Lellbs
shzsoo U3 X & = g 1183 151917

kM5 - Sl1g2. 151417 = &11.5%%0%3
= &l185,

Answer ..., -85 /. British Pounds 2]

(¥
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5
7

Matthew bought a new car. At the end of each year, the car’s value depreciates by 10%
The value, $C, of the car t years after being bought is given by

C =85000x0.9".
How much did Matthew pay for his new car?

(a)

Answer (@)% ... 35000/ [1]
(b)

Find the percentage decrease in the value of his car at the end of three years

£5Vo0 v 3% = 41965

ErESE

RSCDp-6({965 T 23035
2%03is

8scwo = 27’/

Two geomerically similar solids made from the same material have masses 3.60 kg and 12.15 kg
respectively.

Calculate the ratio of the area of the smaller solid to the area of the larger solid

5.60} b Ay 36
h:;‘”@\f‘f: ( 12.S

$r _ A, A - A
724 A, A, 3
A, -4, Ak
(4125, 2:3
Ay A
(’(2) - Ax\
__2_ Z_i lf"f q
(3 -9 c <
4 A Answer q' ........... 77’3 ........ 2]
: [Turm over !
?’/

=)
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9 Dawn invested some money in a savings account that was compounded every six months,
The rate of compound interest was 5% per annum.
At the end of the 4 years there was $14620.83 in her account.

How much did Dawn invest in the account at first?

Give your answer correct o the nearest dollar.
P 5) 2k =PlirEE)
= {14620 .5%
P =$11997.9760¢
2412 000,

Answer $ ... N0 T

18 A rectangle with Iength 40 cm is divided into five identical shaded rectangles and another six
identical unshaded rectangles.

+# X

¥

< 40 cm >
The shaded area makes up two-thirds of the unshaded area. ¥o - 6 #-%ETI4286) = 14, 28571429
Find the lengths labelled x and y. 214.3
Z¥ by= 40O | x =123
4 s
xﬂ"' #he m‘o" cach s‘qJ&cl retangl€ be z. 3= (g
gx‘lllgi
S(xz) + 5@:): 1:’*3
S5xz +2x3 =5(542z) %104=40
. 44
7-5%z =2Dw2 ety
2= 4O ~by ':‘164
3002"4'53: = 25yz Answer x= H,.gxlécm
2002 - 45yz - 25yz = O - e 43K on )

300 r — Pyz =0

z (300 -704)=0

Zco‘-;ﬂq =0
703‘-”?490
y=4%

= 4.255714285 Need a home tutor? Visit us at www.championtutor.com
2a 2y
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Ft Mr Tan decided to buy a lapiop under a hire-purchase scheme.
He would have paid $3906 in total under the scheme, which consists of a deposit of 15% of the
selling price of the laptop plus 24 equal monthiy payments of $140.25.
A+ selling price be x
What is the selling price of the laptop? o
5% x %+ 24 x§140.26= § 2904
Job sy e be 2 .
o 1% 2 =4 540
5% xx 24 x $#0-25 =$390¢ 83600
» = v
5% xx = §3741.75
x = $2415 p
Answer §...... 24‘ ?"'5 X 3600 [3]
12 Two points P and @ have position vectors p and q respectively, relative to an origin O.

-3 k
Itis gi that p= d q= .
is given p ( 4 ] and g (0)

, .
Find -\53 _ F-Dp vy
(a) E’Fé in terms of k, = __(. 4’5 'thLD)

Olﬂ ‘,:‘:kf(@
m - Lﬂ(f / PO = (-4) X(Ej:tl]

(b) the possible values of k if OP and OQ are two sides of a thombus.

?
[0f] = /" 473

Answer B)k=....2.. . or..72. . 1]

0
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5

Lo
PRI )b,-Il.J
3

K i'l3

Pl

13 £ ={integersx: 1<x<12} A
A = { factors of 12 }
B = { multiples of 4 }

o
47 s

(@) Draw a Venn diagram to illusirate this information.

g &
/
S, 79,100

(b) Describe in words what the set (AU B) represents.

Answer {(a)

(2]

Sed A CU\A E) cvmblne,d h 4 I‘* (ﬂpfe_ﬁa’]"’s '#I.ﬂ. w PP'('UM£H$ ?“Af (11

14 A train 45 m long passes through a turnel 6 km long.
The average speed of the train is 27 km/h.
{a) Change 27 knv/h into m/s.
27km =1k = 27000 m 7 3600
7 Sums,

it

/

(by Calculate the time taken for the train to pass completely through the tunnel.
Give your answer in minutes and seconds, to the nearest second.
o0+ 5= 60FEm

E045m ~T7-5m/s = ¥06s
= 13 minutes lése.c_f,f

9
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15 Simplify

(@) 28x7y *+16x’y7", o7
pL IR BTV P ol
\:1 » !:j !:,{,s(d’l
'2‘3;::_2(4‘ ‘,._Z——,i,. /
f;x;:_.i?' Answer (@) ........... xS 2]
2 3x e Z
(b} —+55 G2y
x-3 x*-9 =Y 4
2 (xt3) [~
&-3)x+3) 224
22 +C+3x
L LEreriE
T P (L)
S5 +6 S+l /
= x2-9 o Answer (b)) ................ P s N [2]

16 The numbers 1 to 100 are arranged in a table as shown below.

A U-shaped, shaded frame can be placed around various numbers throughout the table.

6 7 8 9 10

16 17 18 j. 19 20

14 15

91 | 92 | 93 | 94 [ o5

96 97 08 99 100

The U-number is used to refer to the shaded frame that is drawn aroond a particular number.

For example, U/ refers to the shaded frame shown above since it is drawn around the number 2.

{a) State the largest possible U-number.

(b) Write and simplify an expression, in terms of n, for the sum of the numbers in .
N1 ot +n+3+a+D 40l 250*3%

(¢} Find the sum of numbers in Uss.

U,
q
Answer (@) ............... 91X8 m
Answer (b)gn-FS‘O ......... [2]
Answer (¢} .......... 4'05 ............. 1]
{Turn over
13
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17 The resistance of a wire, R ohms, is inversely proportional to the square of its diameter, 4 pm.
(a) Sketch a resistance-diameter graph for the wire.

Answer (a)

‘*:._}
0 »
d [l
For a fixed length of wire, the resistance is 25.6 ohms when the diameter is 50 um.
{b) Find the equation for R in terms of 4.
ok
L
2564 - K
2500
= L4000
sd4000
R=—J=
’ £4ood /
Answer (B)R=_...........4d. 2 ............. [2]
(¢)  Another wire of the same length has resistance 120 ohms.
Calculate its diameter.
64000
20 = 4222
d = 5] 3 _O7+O{O7?
823
<
Answer (¢} ........... 23 I ......... um [1}]

Need a home tutor? Visit us at www.championtutor.com
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18 A composite container made from a cylinder and a cone has a vertical height of 30 cm.

Water is-poured into the empty container at a constant rate.

It takes 60 seconds to fill up the entire container. \/ \/
1
lone == Shoder

—

lotal V =4 cntte

cone. = ’DU\H’

] | —_
F 5’4‘ ‘{IM& Hlé_s‘,

(a) Find the time taken to fill up the cone.
$oc*h + wedh = Gl
Sice the volume of The core ks 7 P ﬂoﬁtﬂcf,kﬁm& ween 4o
Eill wp fho cone will be § ot He ohal 4ime .

';LKGO«; '-"2—%/

Answer (a) ........ 7000 seconds [2]

(b)  Sketch the graph of how the depth of water in the container varies during the 60 seconds.

Answer (b)

B0 fresnrr e ;
- i
s
Depth 1
(om) 15
0 20 60 i |
Time (seconds) (2] :
[Turn over
e
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19 The diagram shows the box-and-whisker plots for the distributions of the speeds, in kinv/h, of 100

vehicles before and after a speed camera was placed on an expressway.

Answer (by .. ... ... 2. . 7. . ... kn/h [1]

(¢}  After the camera was placed, 25% of the motorists were issued with traffic summons for
exceeding the speed limit of the expressway.
What is the speed limit of the expressway?

Answer (C}........... %D . / km/h 1]

(d) Has the speed camera been effective in regulating the speed limit of the expressway?
Explain your answer by comparing the distributions of the speeds before and after the

camera was placcd.

lowesr ofter e @mera was P/aa?c'.

©
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20 Abraham and Lincoln sent out some letters, postcards and greeting cards.

The number of letters, postcards and greeting cards is shown in the table below.

o

The postage for each letter, postcard and greeting card is $0.30, $0.40 and $0.50 respectively.
(a)

Write out a 2 X 3 matrix P and a column matrix Q to represent the above information.

Answer (a)P= ( T 4=

1)

( 0-30
o-%0 2]

0.S0

Q

(b) Evaluate the matrix S = PQ.
S=PQ

(3 72)(%)
. /5.%)
( 4%

. 5-%
Answer (b)S = % (4._3) 2]

(c) State what the elements of S represent.

Need a home tutor? Visit us at www.championtutor.com
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21 The diagram shows a spinner with nine numbercd sectors of identical sizes.

Each time the pointer is spun, it is equally likely to stop on one of the sectors.

(a) The pointer is spun once.

Find the probability that it stops on an odd number.

Answer {ay ...........2... ‘.':;. .............. [1]
(b} Ayshaspins the pointer twice.

Find the probability that the pointer lands on a prime number at least once.

NCEE

9% 9 %:-' =
{
&

1}

(¢) Natasha spins the pointer twice.

Her score is found from the difference of the numbers from her two spins.

Find the probability that her score is 0.

(D)D) i) (o) =4

Answer (c) & 2]
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22 Benjamin has 165 identical cubes of sides 2 cm. /,/ e
(a) He.uses some of the cubes to make a cuboid which figastres 8 £m by 10 cm By 14 cm.

Calculate the total surface area of the cuboid.
(BN#x4) Hiox ¥ x2) = 72%
- 4

©
OX14x2+ XX 24+ 8 ¥xjpx2. o
- 664‘5;102//
664
Answer (@)........... 728 X em®

(b) Benjamin makes the largest cube possible using some of the 165 cubes.
He then makes the largest cube possible from the unused cubes.

How many cubes will he have left over after making the second cube?

68% 24 3 $0cm 35 =5

\Izw =18, ., .. 65— |25 =40

2= Sl =3 ... ..

8&3 40-27'—“13? |

Wy

330.-234= 4

6223 9 x (3
2x3= ?7 X Answer (By............... 0. 0 .. [2]

(c) Benjamin uses all 165 cubes to make a cuboid.
Tind the dimensions of the cuboid.

3{16S

5155
Ul i

26 (O 29 :

Answer (). 2K cmby .. 2 Xemby . 339%m 2]

fTurn over
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16

23 Expressions for the lengths of three sides of a quadrilateral are shown on the diagram below.

All lengths are in centimetres.

4 ame1 B
(a) The perimeter of this quadrilateral is given by the expression (11x+19) ¢m.
Find an expression, in terms of x, for the length of DC.

Give your expression in its simplest form.
Hx 1= 344 +16-+%24) +DC

(e t9 = 6x+21+0c
5::!.—2:{)(,?

{b) Given that ABCD is a parallelogram and that AB = AD, calculate the perimeter of ABCD.

AR AD
$z4| =3z 44
x = 3
4(3)+1 =3
T o ~
'f}?zt}, ?é Answer (b)............ 1-72/cm (2}
-
() Calculate the area of ABCD if AC = (10x-6) cm.
Ac=(10x—6)cer AC =10(3)-6
ﬁd(s)'é]cm =24
= 24cm A& = 4(3)t]
S L2Elz :'3 . .
(L xzx24)x2 = 258, 24720 BTN 13X 3 cos SAB C
576 = Zap— 333(0&?}/’(86
XASC=(24. 760270
3 (112 1347602701 = O ¢
=| 2
6ox 2 =l A
Answer () ......... K (20 215
END OF PAPER
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Mathematical Formulae

i. ALGEBRA
Quadraiic Equation

For the equation ax* +bx+¢ =0,

— b+ b —4ac

2a

Binomial expansion

(a+b) =a"+ (T]a”"b + (nJa”'3b2 4ot (n}z""b' t..+ B,
r

2
n) n n(n=1).qn-r+l)

¥

where n 15 a positive integer and =
ri(n- r)! r!

2. TRIGONOMETRY

Identiiies
sin"A+cos’ A=)
sec’ A=l+1tan” 4
cosec’A=1+cot" A
sin(Ax B)=sin Acos Bt cos Asin B
cos{(Ax B)=cosAcosBFsin Asin B
tan A+ tan B
1¥tan Atan B
sm2A=2sin4dcos A

cos2A=cos” A—sin" A=2cos" A-1=]1-2sin" A

tan{ Az B)=

2
tan2A4= ——[?]}—,A;
l—1an” 4
Formulae for AABC
a b c

smAd sinB N sinC
a’=b" +c¢° -2bccos A
A= lcubsinf
2

ACS(IndependeniyMarh Dept/Y4E/AM1/201 $/Prelim
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3
1  The sides AB and BC of a triangle are (2\/3 + 2\/6) cm and (8\/5 — 2)cmrespectively and

ZABC is 60°. Show that the area of AABCis {p+ qﬁ)cm3 where p and g are constants

to be determined. 3]
2 Find the range of values of k for which x° + 2k{k + x) > 3k + 4 for all real vahes of x. (3]
3  Solve the equation |2:r - 3| +6x = |9 - 6x| +4, [4]

4  The polynomial f{x) is divisible by {2x — 3) and leaves a remainder of —2 when

divided by (x — ). Find the remainder when f(x) isdividedby 2x* —5x+3. [4]

5 The diagram below shows the graph of ¥ = ¢ + acosbx where a, b and ¢ are constants.

(i}  Use the graph 1o determine the value of a, of b and of ¢. i3]

(ii) By vsing the values of a, & and ¢ found m (i), determine the equation of the

straight line that needs 10 be drawn on the same diagram 1o solve

an

(2)

sechy = .
xX—-xc¢

ACStIndependent)Math Dept/Y4E/AM /201 5/Prelim | Turn Over
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7

10

(i)

(ii)

(i)

(i)

(a)

(b}

3 2
~2x" -x+3 A
Given that X—E-—-L =x+——+ 5 . where 4 and B are constants.
x'=2x+1 x=1 (x-1)
Find the value of 4 and of B. [4)
3 2
- ~x—4
Hence find Jx_’Zx—x dx. (3]
X —-2x+1

The roots of the equation 2x° ~8x +3 = Oare o and 5.

Express a” —af + B interms of o+ B and aff. ' [

Find a quadratic equatuon with nteger coefficients whose roots are o’ and 8. [6]

Find all the values of x between (° and 360° for which

1 .
= +3sinScos> = 0. 4]
sec” x 2

Find ail the exact angles between 0 and #, which satisfy the equation

sin{x—z)—cosi =0. (4]
5 10

-

d_ ! + -
A corve is such that --——é =16cos” 2x—4smdy -- 8 and the gradient of the normal 10 the

(i)

(i)

e
T
curveat v=— is 1.
4
dy
Find — . 3
e (3]
dy
Hencesolve — =2 for 0 x =< 1. 6]
dx
Solve 2+Infd-x)=0. 2]

(if)

(iii)

Sketch the graph of v = 2+ In(4 ~ x) showing clearly the asymptote and the
1-intercepi. {3]
Find the area of the region bounded by the curve y = 2 + In(4 — x), the x-axis,

the y-axis and the Jine x = 3. (5]

ACS(Independen)Marh Dept/Y4E/AM /201 5/Prelim
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11 The diagram shows a quadrilateral O4BC.

res
B
M
A 2k, 34)
N
C
0 X
The coordinates of A are (24, 34) and the Iength of OA is /52 units.
()  Calculate the value of & 2]
A8 15 perpendicular to O4 and B lies on the y-axis.
¢ii}  Find the coordinates of 5. (3]

CM. the perpendicular bisector of A8, cuts the y-axis at ¥ and OC 1s paralle] to AB.

Find

(#i) the coordinates of C, [3]

(iv) he ratio of the area of the triangle OCN to the area of the tnangle OCB. 2]
ACS(IndependentyMath Dept/Y4E/AM /201 5/Prelim ii | Tuen Over
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12 A

Ry 2x F o~

The diagram above shows a square piece of cardboard paper 4BCD of side 432 meves,
Trnangles AED. AFB. DIFC and BGC are cut off leaving a figure in the shape of 2 square £FGH
of wide 2y mewes with 4 wdenuical 1sosceles tnangles attached to the sides. The height of each

triangle 1s r metres, Mark wants to fold the paper to make a pyvramid with EFGH as (he base.

{iy Showihat A=4—-x [2]
. . R g .

{ii}  Show that the volume of the pyramid . Fmr' . 15 givenby V' = 5)1’ a4 -2x. [4]

(iii}y Hence find the maximum volume of the pyramd. (4]

{ Proof of maxinum is not required}

----------------------------------------------------- END OF PAPER }
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Marking Scheme for Additional Mathematics 2015 Preliminary Examination Paper 1

Area =% (243 + 246)(8v2 - 2)sin 60
= (J§+JE)(8J§—2)§
=646 -2V3 + sﬁ)g

=92 +144/3 ?

=972 +21

2 xt 4+ 2k{k+x)>3k+4

D<0

x4+ 2k +2kx-3k—4>0

ak? —a(2k* -3k -4)<0

— 4k +12k+16 <0

kK -3k-4>0

k<-lork=>4

3 |2x—3|+6x=|9—6.\‘|+4
[2x-3|-[9-6x=4-6x
2x-3-32x -3 =4—6x
|2x~3|=3x—2
2x-3=3x-20r 2x-3=2-3x
x=—l(na)or x=1

4 f(x)=(2x" - 5x+3)0(x) +ax +b
=(2x-3Ux-DOx)+ax+ b

§a+b=0

2
Ja+2b=0-—--——- i)
a+b=-2—---—-—(2)

Solve:a=4, b=-—6

The remainder is 4x -6

5 |4) y=c+acosbx

a=-3
Period is 7. Therefore b=2
c=2

zZ0
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(i1)

aT

secbx =
x-7c
x=2
cos2x = )
-3r

—37cos2x=x-2m

2o —3mcos2x=x

2—3(:052x:i
T

Drawy:f-
7
(i) X =257 —x+3 A B )
3 =x+ + 7
xt=2x+1 x=t (x-1)
1 5.7 _
By long div, al ’2x Jr+3:x+ 3 2x2
X =2x+1 (x-1)
3-2x A B
I + 2
(x-D° x-1 (x-1)
3-2x=A(x-H+ B
Subx=1:B=1
Compare x . A = =2
-2 —x-4 2 1 7
(I]) ___'5_;___"_ —0X = J(Y _—— + _ :, - — __"_:‘)d\
AT =2v+] - {(x-1) (x-1
- -+ e
2 x-1
{n) 2x” ~8x+3=0
a’—af+f =(a+ fla + P’ -3ap)
a+f=4
3
Q’ﬂ— 5
o'+ B = (4)06-2)
=46
. 27
) |[a'g ===
o 8
27

x? —46x+=—=0
8

8x’ —368x+27=0
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(a)

.X X
-+ 3sin—cos— =0
Sec” x 2 2

cos” X+ —sinx =0
’)
A
. k -
25 x-3smx--2-=0

sinx — —

x=2107, 330°

(h) sin(x~ =) = cos -
) 10
Y S s
=sm{— — -
(2 ]0)
. 27
=5 —
5
7 2x 37
5 5°°5
_3m 4rx
575
d? )
() ;v =16¢c0s’ 2x - 4sindx -8
dx
dy ) )
A= j(]écos‘ 2x—4sindx —8ydx
dx
= j-(8 cosdx--4smdx) dx
= 2sindx +cosdy + ¢
grad of tan gent = -1
-1=2sinw+cosa +¢
c=0
Q =2sim4x+cosdx
v
1) Zsindx +cosdx = Rsim{dx+a)

R=+'5 and a =0.4636

V5 sin(4x + 0.4636) = 2

sin{4x + 0.4636) = 0.8944

4x +0.4636 =1.1073, 2.0345,
x=0.161, 0.393

z1
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10

0

24I{4—-x}=0
In{4 - x)=-2
d-x=¢”

x=3.86

(11)

2+Ind

le o ——— o ———— o ——— )

(i)

y=2+In(d—x)

v=2

4—-x=¢e
x=4-e""

Area =2 x 3+—I_

-

In-l(4 B e.__
=6+ [4}'—6'_?]
=6+k42+m4)—€”)
=6+[8+4Ind-4-7]

= 8.55units’

-

)y dy

~3-1)

(i)

a7 +9k? =52
1342 = 52
k=2
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(1)

(iii)

(v)

3
2
2
Grad of AB = -5

Grad of CA =

y=—-Sx+c
b=-—+c
T3

26
Bw;;)

22
M= (2, =
@ 3)

a=2-4=-2
b=443

4
C{-2. -
{-2. 3)

M 15 midpt of AB, MN// AO

By midpt thm, N is midpt of OB

AOCN 1

OCB 2

Therefore

12

(1)

(1)

(h+ ) +(h+x)" = (42)?
Ah+x)" =32

(h+x)=4

h=4-x

Let ht of pyramid be ¥

Need a home tutor? Visit us at www.championtutor.com



yiex=(4-x)

¥ =16—8x
y=416-8x
Vz-;-4x2v16~8x
:i‘-x22\f4—2x
(iii) x
=§x2v‘4—21
Vv )
i-=§[x2(l)(~2)(4-2x) 2 4+ 2x/4-2x]
dx 3 2
w_§x[—3r+2{4--2_3c)]
3 V4—2x
-x+8-4x=0
x=16m
Max V =611
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Mathematical Formulae

1. ALGEBRA
Ouadratic Equation

For the equation ax’ +bx+¢ =0,

—-b+ b —dac

2a

Binomial expansion

(a+b) =a"+ (nJa""b-+ [1}?}1"'3!)3 Ho+ (n)a""b' +..4b"
1 2 r

nJ nt n(n=3)(n-r+1)

r :r!(n—r)! r!

where » 15 a positive mteger and (

2. TRIGONOMETRY
Identities

sin® A+cos” A=1
sec’ A=1+tan’ 4
cosec A=1+cot’ A
sin{A* B} =sin Acos Bt cos 4sin B
cos(Ax B)=cos Acos B¥sin Asin B
tan(4 + ) - -anAttn B
1+tan Alan B
sin2A4 =2sin Acos A

cos2A=cos A—sn° A=2cos" A—1=}-2sin’ 4

2lan A
tan24=———
I-tan” A
Formulae for AABC
a b c

sin A - snB smC
a’=b"+c -2bccos A

A= larbsinC
2

ACS{Independent)Math Dept/Y4E/AM2/201 5/Prelim
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I Giventhat ) f(x)dx =12 and {7 fxyix = 4, evaluate

1 !
J, 2x- folax + jo flx)dx . [3]
2 2

2 The equations of two curves are y = 1 x* for x>0and y=4x * for x>0

(i)  Find the coordinates of the point{s} of intersection of the graphs. 2]

(if)  Sketch these graphs on the same axes, indicating the point(s) of intersection clearly. 12]
3 Variables x and y are related by the equation y = pT—x . where p and g are constants.

xt+gq

When the graph of J\'(l t y) against y is drawn, a straight line is obtained. The

line has a gradient of - ]% and passes through the point {3, 2}.

(iy Calculate the value of g and of q. [4]
(i}  Given that this line passcs through (6, &), ind x m 1erms of k. (2}
2
) ) L In{x - 3)°
4 The equation of a curve 1s given by ¥ :- _2—6 , X =3,
x—
d’ .
() Find = 2]
dx
(i} Find the set of values of x for which y 15 a décrcasing function. [2]
) R
s Invx—3

{iii) Eva]ualeL ( 3)3 dx . leaving your answer in the form o + bIn2.
X—

where a and b are constants. {31

ACS(independentiMath Depi/Y4E/AM2/201 5/Prelim jTurn Over
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5 In the diagram, 48 is a 1angent 10 the circle at the point B, BED is a straight and AB // DC. The

points 4, E and C lie on a straight line and AE : EC=2: 1.

(i) Prove that ZBCE = Z/BDC. [2]

(1) Hence, show that ABCE is similar to ABDC.- [2]

(ili) Prove that 34E x CD = ABx AC. - (3]
A > B

h J

D

~_____F¢

6 The equation of a circle. €. is X4 _1'3 +hkx - (k + 2)y + 7 = 0, where & s a constant.

(i)  Find the coordinates of the centre in terms of & . (2]

Given that the centre of the circle lies on the line 2x +5y—11=0,

(ii) showihatk=4. 2]
(iii) Find the equation of the circle, C-. which is a reflection of Crinthelinex= 1, 131
{iv} Explain why the two circles do not intersect each other. 1]

ACS{IndependentiMath Dept/Y4E/AM2/2015/Pretim
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7 The height of the tides at a certain place can be modelled by the equation 4 = 2(3,25—sin fc:),

where k is a constant, and 1 is the time in hovurs after midnight. The average time difference

between hagh tides 15 14.5 hours.

(i)  Explain why this model suggests that the lowest tide for the day is 4.5 m. 1}
(i)  Show that the value of & is %g : 2]
(ii) Find the height of the tide at 2 am. [1]

{iv) Find the time for which the height of the tide first reaches 7.0 m, leaving your answer

in 24 hour notation. (4}

, evaluate F(3}— F(1) . giving your answer in

B (a) Giventhat -E—[F(x)] = %,,‘31—1 -
X

3x-1
the form k-\/i . [4]

(b}  The equation of a curve is given by y = cos ec’ (% - %J, whereQ < x < % .
Given that x is increasing at 0.3 radian per second, find the rate of change of y with

. 5
respect to time when x = ?ﬂ [4]

9
T . : _
o In the expansion of (J" - —) . where k15 a consiant, the coefficient of ! 15—~ 4608,
X, X
)] Show thai k = 2. (31
}(‘ 9
{ii) Explain why there is no term independent of x in the expansion of (.\'3 - —) ; n
X
. 1Y kY
(iii) Find the coefficient of x” in the expansion of (2x3 + —J{x" - —) . (4]
x x
10 The gradient of a curve is € ﬁj’ ! and P(0. —1)1s a point on the curve.
o7
{i}  Show that the curve has no staiionary point. 12]
{(ii) Find the eguation of the curve. (2]
The 1angent and normal to the curve at P intersect the x-axis at O and R respectively.
(tii) Find \he area of the tnangle POR. i3]
ACSiindependenijMath Dept/Y4E/AM2/2015/Prelim [Turn Over
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11 (a) Giventhat 2777 = 4—}:;, evaluate 167, (3]
: 2 25
- = log .| == |.
(b) Solve the equation log, 5 log- 2 Og,_( J {6]

12 A panicle P travelling in a straight line passes a fixed point 0. lts velocity, v ms”, is given by the

equation v=1> — 61 +8 , where 1 is the time in seconds after passing O.

()  Find the imes when P is instantaneously at rest. [2]
(i)  Find the tota] distance travelled by P when its velocity reaches 8 ms™ again. {5]
(iif) Will P return to O in the course of its motion? Explain your answer clearly. [2]

The particle P is at point 4 when its velocity reaches 8 ms™' again. It continues its motion at this
velocity for 1 second and then decelerates uniformly until it comes to a complete rest at point B in

another 2 seconds.

{iv) Find the distance AB. [21
. @ é

i3 @)  Prove thal tanE + col-:-z- = 2cosect. 3]
{ii) Hence,solve tan@ + cot@ = (cosec 48)(sin28 + cos28) for 0% <¢<180°. [5]

Giventhat 2tan 4 + 2cotA=5and O0< A< %,
3
(iii) show that cos24 = 5 (2]

{iv) Hence. find the exact value of cos (24 + %). 2]

END OF PAPER 2

ACSfIndependent)Marh Dept/Y4E/AM2/201 5/Prelim

Need a home tutor? Visit us at www.championtutor.com



ARBEWErs

1 5
()
2(ii)
3 ]
P= 6' q= 15
3(ii) _k
=9
40 [ dy _1-In(x-3)
dx  (x-3)°
4(it) x>e+3=572
il 1[1 - .!2_%) _1-In2
- 2\2 2 4
s ‘"_ | Proof )
6(i) k k+2
(_E‘ 2 )
__6(i)) | Proof
6Gil) | (x-4)’+(y-3)=6
6(iv) | Let d=distace from P, 10 P, =6
Let R=radius of C, + radius of C, = J6 + /6 = 4.89
Since R < d, the two circles do not intersect each other.
(1) 1 owest tide occurs when sin k7 = 1. lowest ide = 4.5 m
T(ii) Proof
i) | 4.98m
7Gv) | 0750
8a) | 1242

ACS(Independent)Math Dept/Y4E/AM2/2015/Prelim
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8(b) —0.6 radian/sec

(i) Proof

9(ii) 27—4r # 0 as r must be an imeger => no independent term.

9(iii) —~3840

10(i) | Proof

10(ii) 1 9% 1
y=x——e e
2 2
10(iii) )
1= units
11(a) 32
nm |
x-2, 5

126) | =2 or t=4

12(1i
& 14% m

12(iii) | Proof

._IZ(iv) 16m

13(i) Proof

1B3G) | =358, 125.8°

13(iii) | Proofl

13Gv) | 343 -4
10
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1
g=d <
d+(£)%—=z
€ €
-[—[_bCI T[——b“
(----——- d +&b-= (4 +)x
b+x s
x—d (¢

(mz
(18} paoa)
_ v_
= g(g) 0
g=1x
9{=¢X
v
EOT ] e
S=p~-2l+ &=
w (0)f [- w0 +e-=
0
pf [+ [A=
) f e wleaf-xal [
UOHNOS “opN uf)

(S 10z uoneuNIexy w2 /7 1aded sHUEURNIEA] [EUOCHIPPY) Jwagdg Jun(refy
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Marking Scheme (Additional Mathematics Paper 2/ Prelim Examination 2015)

3(if)

x(I+yy=4k
Tx=k

x==

7

4(i)

_ In(x ~3)° _In{x-3)

2x-6 x—-3

- (;——3)(#]_3} In{x —3)
dx (x~3)
_1-In(x-3)

 (x-3)

4(if)

For a <0, I-In(x-3 <0
dx

= In{x-3)>1
> x>e+3=572

4(iii)

r i w]n{x—3}J _ {111(3-—3)]5
4 (A’ 3) -3 4

4 3 - P — 5
[ A oL Cor { _!rr(_a;)}
- SR BRI

11

J—s}n‘!(xu ;SIn(\—B) l[l_lﬂ) 1-In?2
232 2

* (x-3)? (-3

5()

ZBDC = £ZABD (Alrernate angles, AB// DC)
ZABD = ZBCE (Alternate Segment Theorent)
£LBCE = ZBDC

5(if)

In ABCE and ABDC,
ZBCE = ZBDC (Fyom (i))
ZCBE = ZDBC (Common angles)
ABCE and ABDC are similar triangles (AAA property)
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5(iii) | AAEB and ACED are similar triangles (AAA property)
AE _ AB
CE CD
_AE_ _ AB (Given AE:EC=2:1)
1 CD
AC
3
3AE x CD = ABx AC
6(i) k
AT
k+2
b=
2
k k+2
Centre = (—-=, —=
entre = ( 5 5 )
6Gi
(if) 2(_£)+5(k—+2_)__]}:0
2 2
k=4
6GH) | ¢ =(-2,3), r=4/(-22+3*-7=46
Let P, = Centre of C,
C, =(4,3)
Equation of C,: (x—4)?+(y-3)'=6
6(iv) | Let d =distace from P, to P, =6
Let R=radius of C, + radius of C, = J6 + /6 = 4.89
Since R <d, the fwo circles do not mtersect each other. _
7(i) Lowest tide occurs when sin &7 = 1, lowest tide = 4.5 m
7(ii) Period between high tides = 14.5 hours
27
— =14.5
k
2%
14.5
~4n
k= 29
7(iii) . 87
h=2(3.25-sim—
( 29)
h=498m
7(iv) When h= 7.0

- 4n
0= 2(3.25-sin—=
7.0=2( sin 29!)

. 4m
sin 2—91 =-0.25

g
—1 =3.394
291 3.39

= 1=7.833="7h 50 min
The time is 0750

°f
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8(a}

F(3)-F()= [} (%Jh—-] - J;ﬁ] Ydx
.

- 13
3

2 3x-1)2 !

= 2——?—_2(3)(—1)2
2

| Ji

REER

=) -2(8)% i-|(2)

1
- 2(2)?

3
2

=E8\/§ — 2/8)~(2v2 - 24/2) = 648
=122

8(b)

y= (:056«02(3£ - %J = sin‘?[l—i)

= —0.6 radian/ sec

9(i)

9 3 Per ’ r 9 27-4r
7. :{ J(-\") (— 'R‘) = (—k) ( )(-’f' )
¥ R) r

For the term in l, 27-4r = -]
x

=>r=7
0 k7)y=—4608
0=

= k=2

9(ij)

27—-4r # 0 as r must be an integer = no independent term.
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9(iii)

For theterm in x*, r=6
- L of I s 3
The term in x° — {(=2) 6 x) = 5376x

1

(2x* + - )(x° —5)’) =(2x' + l)( ..... - 4608(-1—} 5376x + )
x x X X

The coefficient of x* is — 3840

10(i)

@ _ g?_.(--_i__]
d’x e?.\'

e >0 for all values of x

dy
:?i_x-_i{}

=l+e "]

- Nostationary pt

10(i3)

y= jl +e i dx

-2x

e
y=x- + ¢

2

whenx =0,y = -]

N R T |
Y=aThe Ty

104iii)

At P,m =2

tan gen!
Equation of tangent: y=2x~1
1

i =—-=

Ao mai 2
Equation of normal. y=-— :])- x—1
_{2,0)
= ¢ (2 ,0
R=(-2,0)

Area of APOR = (%I%}]) = l—ji units”
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1 a)

-3 ]
4 _A
8 4.:‘
(4] =32
16" =32
11(b) 2 (25)
log 5- = ==
OE. log 2 log . 4
C 10g,(B)
log S——2 = 24
g,r - F
Jog,2  log,x
log, Vx
1 1og,(-2-4§)
log. 5 =
%82 " 0g. 2 2
2 (25)
2 -4 . 22
log, 5 Tog. 2 log, 4
2 -
log, 25 Tog 2 log,25-log, 4
2
log 4=—2
o8 log 2
2
‘) =
2log, log 2
{log, 2)ﬁ =1
log 2:=1)
When log 2=1, x=2
When log 2=-1, x= %
20) {47 -61+8=0
1=2 or t=4

Need a home tutor? Visit us at www.championtutor.com



Marking Scheme (Additional Mathematics Paper 2/ Prelim Examination 2015)

12(i)

v=¢% -6t + 8
S_£_3,2 +8 +¢
3

Att=0,5=0 = ¢=0

{3

= -3 + 8
=3

Whenv=8 ' —6t=0
t=0 or t=6
When the velocity is 8 m/ s again, t =6

%‘?—3(36)+8(6)=12m

2
=3 —3(4)+8(2) ~6§

s, :6—;—3(]6)+8(4)=5%

Sﬁ
S, =0
s, =2

Fromt=0to01=4, distance travelled =6%+(6§—5%)=8 m

Fromt=4101=06, distance travelled = ]2—5% = 6—§-m

Fromit=0tot =6, distance ravelled = ]4%

12(iii)

Ar0,5=0

s
s=—-3"+8=0
i

13.’(.'2 ~9r+24)=0

=1=0 or £ ~-%+24=0

9:-15
2

'-3%+8=0 = 1= = No soluion

= The particle is at QO when t =0 only. Therefore P will not return

to O in the course of its motion.

-
12(iv)

Fromit=6to1=7, dis\ance ravelled =8 m
Fromi=T71t01=9, distance iravelled = 8 m

= Total distance travelled =8+8=16m
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13() tan’ 8 +1
é @ g, 1 2
tan — + cot = = tan— + =
2 2 2 é g
tan > tan 3
2 &
) sec 5
g
tan 2
= — 91 7] = 1 ] = 2cosect
sin > COs 5 3 siné
13(ii) | tan@ + cotf = (cosec48)(sin 28 + cos 26)
2cosec28 = (cosec46)(sin 28 + cos28)
- ] 1 1 i
2cos28 * 2sin20 2cos28 cosec2¢
1
3 28 =
cosec cos2d
tan28 =3
8 =358%, 125.8°
13(iii) | 2tan A+ 2cot A =5
tanA+cot4 = %
cosec2 A =E
4
: 4
24A=—
sinz2A 5
3
c0s2A4 = 3
13(i
) cos(24 + E) =¢0s24 cos% —-sm24 sin%
343 1
—(“)(-— Y= )(5)
_ 3J§ ~ 4
T 10
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Quadratic Equation

For the equalion ax? +bd+¢c=0, -

Binomial Theorem

v n
where n is a positive integer and ( ]2
r

ldentities

LNV

| T vy nerr trprd LYy 7 P

o

2 '
Mathematical Formulae

. ALGEBRA

- b
I reir—————— e

2a

b —4uc

n
(@+b) =a’ +(T}a"'b+(2]a"1bz +...+[n}:""b’ +,..+0",
r

M A= (rr +1)
=T '

2. TRIGONOMETRY
. sin*A+cost A=,

secA=1wtantA,
cosec’A=I+cotl A.

sin(A £ B) =sin Acos B cos Asin B
cos(A* B) =cosAcos B FsinAsin B

tanAtwn B

1Fran Atan B
sin 2A =2sin Acos A

tan(A :t?)a'

cos24 =cos’ A-sin’ A=2¢0s’ A~1=1-2sin? A"

Formlae for AABC

ANDSS 4ESN Prelim 2015

- " 2lanA ;
0024 =~
.o {~tan A_

PR

a _ b = c
sinA” sinB  sinC’ )
a’ =b +¢? =2becosA.

-
A=—=DcsinA,
2

]

AddMath (4047/01) {Turn over
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Answer all questions

1 Salve the following equations.
{a) 2(3")+37" =3 {3}
(b) 2¥3=-2x = x] 3]

2 The line 2y--x =3 meets the curve x* —xy—y* =1 at points A and B. Find the length
of AB, giving your answer expressed in the form av/b , where a and b are integess, {5]

3 Write down and simplify the first 3 terms, in ascending powers of x, in the expansion

S8 5
of (2 —g) . Given that the first three terms in the expansion of (! + pxtx* (2 -%J

are 32-gx % qu‘, find the value of p. (5]
4 A circle C) posses through_pointé P(0, 2), Q(7, 3) and R(B, — 4) whese PORS is » square,
{n) Find the coordinales of the centre and the radius of the circle Cy. 121
(b)  Find the cquation of another circle Cy, in the form x? + y +ax+by+c=0,
that is the reflection of the circle ), in the ling y = x. ‘ {2)
(e  Justifyif the point (2, 7) lies insidc or outlside the circle ). {21
5 Prove the identity secx+2sinx a I-Hanx. {5]
2cosx—secx l-tanx
6 The diegram shows a triangle ABCDE, such that £8 is paraliel ta DC, the ratio of lengths
AB: BCis 4: 4B andjJength of DCis 5+ 42 cm. 4
By leaving your answer in the form a + be. E
cafculate
BE
2 the ratio —, 3
(2) D' {3)
{b)  the Jength of BE. ’ {3 s
5+ 4\(5 om
c
7 Given that f{x)=-2+x and g(x)=lx+11-1,
(s}  Find the coordinates of the points of intersection of the praphs y = f(x)
and y= glx). . [4]
(b)  Onlhe same axes, sketch the graphs of y= f(x) and y=pg(x) for ~25x52. {3)
{€)  Hence solve the inequality x* Slx+1h+1. (2
8 {a)  Skeich the graph of y =22 for all real values of x, showing clearly all points of
intersection with the axes, if any. (2]
(b} By adding a suilnb!e straight line, explain how the number of solutions to the equation
x = in Y4~ x can be obtained. {2}
ANDSS 4£5N Prelim 2015 Add Malh (4047/01) R [Turn over
- Wy am F TR P

Need a home tutor? Visit us at www.championtutor.com



9 A and B lie in the same quadrant such thatsin A =-§- and tan 8 =-——% if the value of A
and of B is between 0 and 27, find, wuhom using. the calculator, the values of
(2} sin B, (33
) col(A-8), : {2)

B A )
(3 cos—. _
{c) > . _ (3
10 InAPQR, Mis the mid-point of PQ. PN and MR intersect at O,
' Q .
Giventhat OR : OM = PS PN=1:2, prove that o _
{a)  MSisparallel to ON, , . (2
{b)  AMSO is similar to ARNO, . - {2}
{¢) OP =5 NO, L (2]
11 The 1able shows some experimantal values of two variables x and y which are known to be
rclated by the equation y=ax{(x+b), _
X . 1.5 2.5 3.5 4.5 5.5
y 1.1 20,6 34 .2 50.7 70.1
Using a suitable scale, plot the graph of y agamst.r lo represent the above dats and use it to
estimale ' : '
(8)  the value of 2 and of b, o {4
(b}  the volue of x when y =9x. . m
12 A function is given by y = 9:'-3:) wht_:fé'.r_: a a_nd x} 0. '
x — . o A v o
{a)  State the valudof a. ‘ o ' : (1}
{b)  Determine thefanpe of values of & 1t' yisan mcrcasmg function. (3)
(c) Given that b =13 and that 'x and y vary with ime ¢, find the vatue(s) of x
i L) = o [3)
df di o 5 )

13 Anelectronic gadgst was prograsnmed lo fravel in 2 stmght line. 1t started through a fixed
point O with a velocily of Imfs. lis aecercrauon. & m)s is given by a=2~21, where ¢
seconds is ihe lime after passing O. Fmd
(8}  ite maximum velocity, [3)
(b)  its deceleration when it changes i u.s direétion of motion, 3]
{&} the tolnl distance travelled during the first four seconds of motion, {4]

ANDSS 4ESN Pretim 2015 Add Math (4047/01) ' (End of-Paper). -
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Prelim AM Paper 1 Answer Key
5
i{a) [x=-06310rx=0 Sn T
i5
e -3
1{b) | x=1 9 T
2 75 units 9¢ —Jg—i
26
8O0 80 , 1
3 32-—=xt—gt4.., pu—~ 10 { Proof
1 9 773
4a (4, ~1) 1 5 units llo |a=15:56=3
db | x*+y*+2x-8y~-8=0 11b [x=3 ,
4¢ (2, 8) lies outside the circle 'Cl. 129 |o= -;-
' 3
5 Proof i2b | &> 7
5
83 2-42 I2¢ 1 x= 3
6b | (2+3v2)em . 132 {4 mh
7u__ | (~i,~1) and {2, 2) 13b | 4 m/s*
TR L RS 13e {tim
I PRI AR SUR I A S 3
.: A B 3
l 7N ST
Th | o 15
M | -3—
— T 16
‘.F i 9¢ _____Jﬁ
* . 26
) - Ila la=15:b=3
Te ~15x872 . 11b | x=13
1
£y 122 1923
12b | b> 2
4
5
12¢ |x= =
. 3
3 s 13a |4 m/s
13b |4 mis?
y=2—¢
Addtheliney=x -2,
The number of intersection points of t
8b y=2-¢> and y=x—2 gives the 13¢ “'j'm
number of sofutions for x=lpYd4-x,
33
ANDSS 4E5N Prefitn 2015 Add Math [4047/01)-Solutions [Yurn Quer
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Mathematical Farmulae
1. ALGEBRA
Quadratic Equation

For the cquation ax® +bx-+c=0,

_ —bxb? ~dac
: 2a '

Binomial Thearem S '
(a+5)" =a" +("}.Hb +(“}f"b’ ok ("}"’b' ot b,
1 - l2 i r

n " ~D.(n -
where n is o positive integerand | |= N G lld PR Chad dd) .
r; rin~r)l r!

2. TRIGONOMETRY

Identitics

sin’ A+cos’ A=1.

sce? A=1+tan? A.

cosec’ A=1+cot’ A.

sin{A t B)=sinAcosBLcosAsinB
cos(At B)=cosAcosBFsinAsinB
tanAtten B
LFtan Aton B
sin 2A = 2sin Acos A
.cos2A=cos? A-sin? A=2cos’ A~1=1-2sin? 4

tan{At B) =

tnﬁi‘A mm
o l--:-tan_’ A
Formulae foc AARC T )
-a b ¢

sinA . siaB; sinC’
a® =5 +¢ ~2bccosA.

Ve ] .
An—besind,

3¥
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Ansswer all questions

1 When (I ~2p)* is expanded in ascending powers of p, the sum of the constant tertn,
the coefficients of p and p2 is 161. If 2 is a positive integer, find the value of n. [4]
2 (8} Find the smallest positive integer, p such that 4(px~3}= x? has reul roots. )
{h) Find the range of values of m for which the groph of y = mx* —4x+m lies
entirely below the liney =3, (4]
] Civen that the line y = 4x 4k is a langent to the curve y? = mx, where k and ;n
are constants, prove that roL f4]
m 16
3 Marcus believes that the depth of waler, d metres, at the end of a jety, £ hours after low tide,

can be modelled by the equation d =a+bcoski where a, b and % are constants,

(2} He measures Lhe depth of waler at low tide to be 2 metres.

. : %

Assuming that low tides oceur every 12 hours, show that k==, m
(b)  Marcus also measures the depth of water at high tide 1o be § metres.

Calculnte the value of @ and of B, [2]
() Skeich the graph of the equation d = a +bcoskr for Q<r <2, 3]

{d) Marcus requires the depth of water ot the end of the jeity 10 be al least 3 metres 1o
sail his boat, Glven that the low tide on a particular day was at 0830, find the
earliest time after 0830 when Marcus ¢ould sail his boat that day. {21

{e)  Marcus measured the depth of water and found that it is Sm, He then cleimed that the
depth of waler at Lhe end of the jeuy will reach § m again after every 4 hours.

Justify if Marcus is dght or wrong. . 2]
4 ta) ) Factorise h(x) = x> = 7x? + 2x + 40 completcly. (3]
(i)  Hence, solve the equation 2y’ -7y’ + y+10=0, (3]
(b)  Find the value of n for which the division of 2x" +3x% —4x~10by x -2
gives o remainder of 26, {3]
S Solve the following equalions.
{a) -logg VSx+1=log (x=2)+log, 4 - {5]
(b) 4:an’x=-!_-—85:cx for ~R<xc2n (5]
ANDSS 4ESN Prelim 2045 Add Malh {(4047/02) B [Turn over
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6 (a) Consider the equation kx? —krx=3x+4=k,
if the roots of the cquation ore :cc:procal of each other, and Jis one of roots,
(i find the value of k. : i i21
7 2 .
(i)  showthat =, {2
gt g
(b)  The roots of the quadratic equation 2x* = 4x +5=0 are Aand £
A
Find the quadratic cquauon whosc roots art —‘% and ; M
7 The term containing the highest powcr ofxm &hc polynormaiﬂx} is 3.
= 2x + k is 2 quadratic factot off(x) x&=1 tnd x= 2-are roots of the equation f{x) = 0. f(x)
jeaves a remainder of =36 when itis dwldcd byx
(a)  Showthatk=6. : o (23
vy  Determine the number of real roots of the cquauon fixy=0. 2] o
8 A cutve is defined by y= (1—‘2x)1e'_‘ . an'd
dy
a . . : 2
@ = | 2]
{b) the equation, in terms of e, ofthc tangent at the point where x e=1, [4]
(<) the x-coordinate(s) of the stationary polnt(s} on the curve and dctcrmmc '
the nowure of the point(s), (4}
2 C .
9 {a) Express ﬂ-';-—h—"-s—-—in partial fractions. 13)
(x* +x)(2x—1) S )
R I T
{b) Hence, evaluate L _f_,__?_"_i_ de. - (3]
(2 #0120
10 The diagram shows part of the curve: ¥ —x’ ~1. Thc langcm at 4 (=2, ~9) meets the curve
ag:nn ot C. Find the arca of the rcgmn boundcd by the two graphs. (8]
+F
35

4
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5
11. Solution to this question by aceurate drawing will not Le aceepted,
Y
B({2,7)

E
/ F
O E
A4, -2)

C

The diagram shows a triangle ABC where A is (4, -2),Bis (2, 7y and BCis
purallet to the line 2y = —4x +1. BC cuts the x-axis at F and AB cuts the y-uxis al E,

(a}  Find the equation of the line BC, (2]

{b) Determine whether if EF is perpendicular 1o AB. 3

(c)  Giventhat C is equidistant from A and E, find the coordinates of C, (3]

{d)  Find the length of AE, and hence, find the area of AAEC, [3]
12

] [

A L-shaped |adder, ABC is wedged in between two pillars AQ and D& as shown in the

diagram. A and C are the points of contact between the ladder and the piliars while 2 is the

point of contact between the ladder and the ground,

Given thot £OBA=8, where 0°< @ <90°,AB=03m,BC=02mand CD =x m,

(a)  show thatx = 0.35in #-0.2cos @, ' (2}

(b}  express x in the form Rsin(@—-a) where R>0and 0° < & < go°, -4}

(c) hence, explain if the length of €D can be 0.45 m, 2]
ANDSS 4ESN Prelim 2015 Add Math {4047/02) [End of Paper}
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eli Paper 2 Answer Kev
1 n=10 " 17b 2 real roots
28 |p=3 18 | —2(-2x0(0 4 2x)e
2 [ m<-l - gb y = belx—5a}
3a sz | 8{:‘ ) xc-i(max) & x=l(min)
6 . : 2 y
b jacz4 o a3 S
s X xeb Zx—1i

' sl 9b .| ~0.497

. w1107 1 108 sq units

' Ila- | p=-2x+11]

Ve - [11b° | EF is not perpendicular to AB,

3c i ;_.,." I Ilc [_lj_'__GJ

J~/ b nr 2

. . IId 45—;-::11?!:’

. " [12b | 0.361sin(6—=33.7%)

12¢ [ Léngth of CD cannot be 0.45 m.

3d 1030h
Je Wrong
dai o (=4 {x4+2)(x-5)
4uif y:; or y==| eor y:x—;-
4h n=4
Sa £=3
5h x=~198 or [.98 or 4.30
6ad | k=2
Gh 507 +2x45=0

3¢
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A.HS (,-—C‘_L\N— A~

’ ) Inx
i. A curve has the cquation y = —-
X

pR-Nhw Pé_ru /

a
2

) dy
1 Find —- 2
(1) dx {2]
(11} Hence, find the range of values of x. such that y 15 increasing. {2]
2. The diagram below shows the graph of v =4 wl—x} + 3[.

(i) Show that the coordinates of A 15 (—— '\/54) (1]
(i) State the coordinates of B. 12}
{111) Find the exact value of m, for m < 0 for which the equation

me+l=4- l— x? o+ 3| has exactly 3 solutions. (2}

A

AN

YA

3. In the diagram shown, the line forms an angle A with the y-axis. Given that the gradicnt

of the line is 3, without using a calculator, ind the exact value of cos 4. {3
Y
A
/A "X 5;]
Anglican High Schoof 2045 PrelimFxam_Sccd AMatiP ] Additioned Matliemati s

o
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4. (1) Show that .
' ’l— Sin x .
- 1'n . sec ¢ - tan X, when ~90° <x < 907, [5]
Y1+sinx )
(1) Hence, explain why x must be acute for the identity to be true. 1]

Y
5. Given that the coefficient of -1-3- is 512 in the expansion [-2- + ax’) , wherea < (.

X X
(i) Find the value of a ' (3]
(1) Hence, using the value of a found in (1), show that the term in —lI does not
L
F 9 2
exist in the expansion lg + ax? ] L =1 (31
X 8x 12

3 2
L XTST w2x - e
6 lixpress —2- Ty T e partial tractions. 16}
x'oext

oy . . |
7. ‘The equation Gx? 4 7x-3=0 hasroots L and — .

a B
(1) Find the value of (cr 4 ,B) and of aff . 3]
{11} Hence, or otherwise, 1ind the exact value of (r:z:s - ﬂﬁ) ) (3]
8. Solve 1the equation 1g(4“ - lO)— xig2=1g3. [5]
Anglican High Schaul 2015 PrefimbExam Sved AMuihi] Addrnignal Afaihematecs
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9. The voltage ¥, in volts, of an clectnical signal in an electrical system is given by the
fonmmula ¥ = 4 sinat where T is in seconds,

. !
(1) Find the exact rate of change of voltage after " seconds have clapsed. (2]
(1) Find the exact times when the rate of change of voltage is 2723 volts per
second for 0 << 4. (31
(1it) Given that current (/ in amperes) supplied to the system is governed by the

s

¥ ]
equation / = —, find the rate of change of current when the rate of change of

-

voltage is 2 volts per second. (2}

10. [n the diagram shown below, ABCD is a paralielogram with points 4(2, 8), #(-1, 1) and
(4, =2). M is the midpoint of B0 and the perpendicular bisector of B0 passes through

the y-axis at /.

Find
(1) the coordinates of A, (1}
{i1) the coordinates of D, ) (2]
(i) the equation of the perpendicular bisector of BD, {7
(iv) and the area of quadrilateral ACBP. {2}

e
L}

Bt 1)

7
L 2
-

Ol /o
R

2815 _Prelimfxam Secd AMathPl Additioned Mathematrcs ﬁ
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11. Given that y = x> +ax? +bx+3 hus a stationary point (1, 0),

{1 find the values of @ and of b, [3)
(1) find the coordinates of the other stationary point, 13]
(iii) and deternuine the nature ol these stationary points. (3]
12, () Differentiate the following with respect 1o x.
4
e.\ - ]
(a) [—L— 12]
¢
(b) tnlcos x) 2]
1) Henee, or otherwise, find j L4’ - 2tan el (4]
2x-3

oy~ - et . . .
13 The table shows experinfental valucs of Lwo variables, x and v which are connected by

the equation y = ae®*.

x 1 72 N M G R I N
189 730 | 3421 344 1 430 ]
(a) _ Plot In y against x and draw a siraight line graph. (3]
(b) Use your graph to estimate the value of a and ot b, 3]
(c) By drawing a suitable line un your graph, solve the cquation 2.46 = a2
END OF PAPER
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AHS Prelim AM P1

1-Zmx :
1. () —= (iD0<x<e2

X

2. (iHB(0,1) (i) V3

V10

4. (i1} cosx —+¥1 — sin® x. Since cos x must be positive, x is in the 1st or 4th
guadrant. - x must be acute.

5. (i) -2 (if) Term with ;1; =(-2)(E)+ () (L) =0

x6 x3
-~ it does not exist.

2 1 7-3x

6. - ——+

x  x2  2xi41

7. (i)g,—Z (ii)%

8 x =232
dv an 1 11 1 5 dl 2
(3. N = e )) =T oy - my— = ~ /5
(1) a7z v/s (i)t - 2 . 3 - sec (i) e Amperes/sec

10.(hm(33) (W)D(75) (i)y=-2x+9 (iv)305units?

1.(iYa=1,b=-5 (i) (—% ,% (iii) max point

12.(i}(a) 2¢**"* (b) -2tanx (ii) gln(Zx —3)-2" 1+ ncos’x + ¢

13.(b)2=4.22,b=02 (c)x =23
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As  pPrclin. 20/ Hra fa?w- 2—

3
- (x - 2y . : .
1. The curve 3 +(p-3) =4 and the line 2y+x =12 intersect at the pouts P
and Q. Find the exact distance between Pand Q. {5}

Find the values of o and 4 for which the function f(x)= 2x1 - 7x% +ax? 4 bx-2)

2.

is exactly divisible by x* - 2x-3.

Hence determine, showing all necessary working, the number of real roots of the

equation f{x)=0. _ (8)
3 i r A

c B

In the diagram, A, B, C and D are points on the circle. TDSB and ASC are straight

lines. 7.4 and TC are tangents. Prove that

(a) LACB= ZATD+ LABD | and (3]

by £47C=180°~2£ABC. (3}
4. The diagram shows the route of a fishing boat. The boat leaves the point O from the

shore and sails in a straight line for 3 km to a point 4, at a bearing of (090°+ 8). At
A, the boat makes a right-angled turn and sails for 2 km to the point B to continue
fishing. The angle (QA8=90° and the shortest distance from B to the shore is L km.

N

A

O
shore B
A

(a) Show that L = 5cosf +2sin8. {2]
{(b) Express L inthe form Reos(6- a}, where R>0 and 0°<a <90°. £31
(¢) State the maximum value of L and find the corresponding value of 8. (3]

Lo

NlS_l’rclimExlnm_Sccd_ AMathP? .
Need a home tutor? Visit us at www.qhampiontutor.l,o(Fn



4

5 (2) Express an’a - cos? A in the form Asec? B +( ‘cos2 v D where
A B, C, and D are constants, {3
- . 3, 24 2 X
(b} llence, or otherwise, cvaluate J] [tan 3x - cos E}d'.\‘, [5)
6. The curve y = PcosQx + R has a period of 720°, a maximum value of 8 and 2 B
minimum value of - 4.
(a) Giventhat P is a negative constant and Q and R are positive constants,
_ fingd the value of P, of Q andofR. {4]
(b) Solve the equation y =3 where 0° < x <360°. {2)
{c) Sketch the graph of ) for 0°<x<360°. ‘ 13)
7. A container in the shape ol a cylinder with a hemisphere on top is to be decorated by

gold wires,

The wires AC and DF. go across the hemisphere and intersect at B, the highest point
of the hemisphere. The wires AJ, EF,CG and DH run down the sides of the
cytinder. The wires GJ and FH cross al right angles at X' where K is the centre of the
base. The total length of wire is 30 em. The height of the cylinder is & cin and the
radius of the hemisphere is r cm. The volume of the container is ¥ cnr’.

(@) Express Ainterms of r. 2]
2

(b) Show that ¥ = "’—6—(45-» 2r-3m). 3)

{c) Find the stationary value of V and determine its nature, 5}

" 2015 _PrelimExam_Secd thi2 ' . ] .
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. 5 1 : . -
8. (a) Show that the equation 2™ =-2-{3(2‘)+ 2] is satisiied by only one value
of x. (3]
z
(b) Giventhat m=a’ ,n=a and m'n® —a*  where ¢ > O0anda =1,

1

show that 5¢ =—. E3|
1

(c)  Without using calculators, find the value ol k&, in the form X+ ;Jg

k3 - k15 = =243 (4]

, such that

(@) Differentiate e 1+ 3x with respect to x. (4]
9 In the Chingay Parade procession held al the heartlands early this year, thc Pioneer

Generation Float was travelling on a straight road with a velocity, v ms’', given by the
) I on . . . . .
eguation v = 5! ---it“ + 4, where 715 the ime after passing a fixed point 4.

(a)  Show thal the maximum velocity is reached 5 s fater. 13}

{b)  Sketch the velocity-time graph for the first 3 s. [3]
‘(J

Upon reaching its maximum velocity, the float started to decelerate uniformly at

1.5 ms . before coming 1o a rest at point B 1o allow residents to take photographs.

(¢)  Find the ime when the flodt reached 3. {2]
(d)  Find the total distance travelied from A to B. (3]
A
10. Y
v=4x-5 |
i'{ ’

X
0 ¥ _
BIN
/
.r"l \\"‘ ;
‘112 =53x-4

The graph above shows part of curve _}*2 = Sx -4 and the line p=4x~-5. Find
(a) the coordinates of A and of 8. and (3]
(b) the area of the shaded region. 16]

N

2015 PrelimExam_Secd_ AMathP?
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11 A landscaping company has been tasked to design the backyard for a client, The
design is made up of overlapping circles as shown below. The circular lawn in the
centre will be the focus point of the design and a barbeque pit will be constructed on
ene side of 1the lawn.

On the Cartesian plane. the circutar lawn can be modelied by the equation of a circle,

2y 2x-6y-15-0

(4) Show why this model suggests that the radius of the Javwn 15 5m. (2]
(b} A lamp post is positioned at a point -5, 8) in the pit area.
Determine, with working, if P lics inside or cutside the lawn. i3]
() 1'wo dustbins, at ¢ and R, will be placed on the circumiterence of the Lawn
stich that O is (-4, - 1) and QR is the diametey of the Jawn. Find the equation
of the tangent to the flawn at & |6}

END OF PAPER
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P2
1. P(2,5),0(6,3),PQ=2V5

2. a=7,b=-5noreal roots

4. (b)V29cos(8 —21.8°) (c) 21.8°

5. (a)sec’a - %cos 28 —;—
(b) -2.75

6. (a)P:-ﬁ,Q=~;-,R=2 (b) x = 199.20
(c)

15-2r—-nr

7. (a)h= 5
{¢)v=>54.2 max value

145 1-6x
8 (k== A
9, (b)
Yy
i —— €
(t=16

5
() 152=m

10. (a) A (1.8125,2.25),B (1,-1)
(b) 1.14 units?

11.(@) (x + D* + (y — 3)? =52
(b) Distance = 6.40 m > radius, the lamp post lies outside the lawn

3 17
(c)y=-2x+?

L2
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the quadratic equation ax’ + bx + ¢ =0

¥

—b+ b —dac
X - - - —_———
2a
Binomial Expansion
n n n n-1 n n=2372 H n-r 7
(a+b) =a"+4 a" b+ a b+ a’”’'bh+. .+,
1 2) - ¥
X n ! n(n=1)...{n—r+1
where » 1S a positive integer and =" =—--(- ) ( = )
r r!(n—r)! r!

2. TRIGONOMETRY
Identities
sinA + cos’ A4 = 1
sec’4 =1+ tan’ 4
cosec’ A 1 + cot’ A
sin{A4 1 By=smAcosBtcosAsinB

cos{Ax B)- cosAcosB FsinAsinB

tan(A £ B): 1an Ailﬂl’lB
1'Ftan Atan B

sin24=2smAdcosA

cos24 ~cos’A—sin® 4=2cos? A—1=1— 2 sin’ A

tan 24 = 2tan;t
1-1an" 4

Formulae for A ABC
u b c

;nA ~ sinB sin C

a? = br 4+ ¢? ~ dbccos A

A= tabsinC
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3

1 Given that 2 ?x 5" =8" x 57" evaluate 10" without using a calculator.

4x+

2

2 Express
X +6x+9

in partial fractions.

. . . 1 . .
3 Given that @ is acute and thatsing = ﬁ , express, without using a calculator,

in the form a ++/b where a and b are integers.

cos@ - sin
4
F 3
[ ¥ I
i,x_/\_ VA fr\% A
o \ [ b ! ,, / )
Blood S R TP PO Y C N
Pressure | | \ ! \! I \
{ mmHg) / Il [ '. I 5 ; "11
_ ! t“; Py oo
Py I
| y b b
r‘ b Lo P "
L v ! .'; ; ,if 3] ’
70 v
u G 25n L3 3 ] '!Sl 1 125 l_‘}! I .’_51 in

(3]

[4}

(3]

» Time (5)

The diagram shows a part of the curve of a person’s blood pressure, which is modelled using

y=uacosht +¢

where 7 is time in seconds and y is the blood pressure measured in mm(of mercury).

The length of the same person’s heartbeat is the time between two consecutive peaks on the curve.

Given that the person’s heartbeat is 60 beats per minute,

(a) Write down the amphtude of y. (1]
(b) Explain why the period of the function is } second. [1]
(¢) Wnte down the value of
M a,
(i) b
i) <. e 3]
2015 CHS PRELIM EXAM 3 ADDITIONAL MATHEMATICS ( 4047:) Page 3
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) 23— 19x+2y+40 = 0-

The straight line 2y =3x - 16 intersects the curve 2x° —19x+ 2y + 40 = O at the points 4 and B.

Given that 4 hes below the x-axis and that the point P lies on AB such that AP : PB=3:1,
find the co-ordinates of P. [6]

6 A curve has the eguation y =sin x—3cos 2x.

(i)  Find the gradient of the curve when x = E. (4]
6

—

(i) Given that x is decreasing at a constant rate of 2+/3 units per second. find the rate of change
a

of v when x=—. 12
§)

. ' — S5x~2
7 (i) Given that y = x'~2x -1, show that QX = X ) , (2]

V2x-1

¢ Sx'—2x+]
(ii} Hence evaluate | —~= dx. [4]
‘[' V2x -1
8 Find the coordinates of the stationary point on the curve v =2x" —6x” +6x—11 and determine
the nature of the stationary point. 7]
. ) _ 11

0 (a) Show that the roots of the equation 6x” + 5(m — 1} = 3{(x + m) are real 1f m <2 o (3]

(b) Find the range of values of k for which (k +3)x’ + 4x+% is always ncgative for
all real values of x. (4)

2015 CHS PRELIM FXAM 3 ADDITIONAL MATHEMATICS (404771 Yage 4
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5

10 A particle 2 moves in a straight line so that  seconds after leaving a fixed point O,
its velocity v ms™ is given by v = (21 - 3)2 -9
(a) Sketch the v-r graph of the particle P for 0 <7 <5. (2]

(b} Hence or otherwise,

(i)  find the range of values of 1 for which the acceleration of £ 1s less than 4 /s’ [2]

(ii}  find the distance travelled by P 1n the first 5 scconds. 13]
k b
11 In the expansion of (J(2 —Q—J , where & is a positive constant, the term independent
X
of x 15 15,
(i) Show that &k =2. [4]

: . . kY
(if) With this value of k, find the coefficient of x* in the expansion of (xz - 5—) (8x+1).  [3]
X
12 A circle, C, has equation x* + " ~10x+6y+9=0 .

(B Find the coordinates of the centre and radius of C. [3]

(i) Give a reason why the y-axis is a tangent to (1]

The circle C crosses the x-axis at the pomnt P(1 . 0).

(i} Show that the equation of the tangent to the circle Cat Pis 3y —4x=-4. (31

{iv) Find the coordinates of the point where the circle C cresses the x-axis again. [1]

13 Ina Science experiment, a container of liquid was heated to a temperature of K °C.
It was then left to cool in a chiller such that ifs temperature, 7 °C, ¢ minutes afier removing
the heat, 1s given by 7 = Ke ™, where g 15 a constant.

Measured values of ¢ and T are given in the following table,

[ ¢ {ninutes) !, 2 4 7 —li 10 12 ]
l 7oC 72.8 60.2 45.2 ] 34.0 281 |
{iy On graph paper, plot InT" against 7 and draw a straight Jine graph. (3]
(i) Use the graph to estimate the value of K and of ¢. (4]
(i) Estimate the temperature of the Jiquid 5 minutes after 1t was left to cool. (2]
~ End Of Paper ~ L
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the quadratic equation ax?+bx+c=0,

~btb® -4ac

- 2a

Binomial Expansion

(a+b) =a +[?Ja""'b+(§)a"'2bz +....+(n]a""b’ +...+b",

»

nt _nfn-1)...(n-r+1)
ri{n—r)! r!

. e n
where n is a positive integer and [ ]z
”

2. TRIGONOMETRY
Identities
sin?4 + cos?A4d =1
sec’4 =1 + tan’ 4
cosec A = 1 + cot’ A

sm{(AxB)=smmAcosBtcosAdsinB

cos{AxBy=cos 4 cosB ¥sinAsin B

tan(A+B)= tan 4t tan B
1¥tan Atan B

sin24=2smAcos A

cos24=cos’A—sin° A=2cos’ A—1=1-2sin’ 4

tan 24 = _21an4
I-tan“ 4

Formulae for A ABC
a b ¢
simd4 sinB  sinC

a?=b%+ ¢? - 2bccos A

A= LabsinC
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Given that 277"? x5 = 8" x 5°"  evaluate 10° without using a calculator. [3]

SOLUTION:
1 22‘,\'+2 % 51'-! = 81 x 52.1
4(22"{))(% . 23.t % 52_1
(2!.r)(52.\) ) i
2)5) s
4
2" x -
()(s) - 4
10" = ﬂ
5
Express -;—i i partial fractions. (4]
x“ +6x+9
SOLUTION:
dx+7
2 ~ W=
A" +0x+9 _
4x+7 4_ __E_
(x+3)° x+3 (x+3)°
4x+7=A(x+3)+B
Letx=-3. B=-5
Letx=0, 7=34-5
A=4
dx+3 _ & 5 B
XX +6x+9 x+3 (xfi}"
41
Page 3
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, : . 1 . .
3 Given that & is acute and thatsin8 = —\/—5— , express, without using a calculator,

in the form va ++b where a and b are integers.

_— 5
cos@—sinf B
SOLUTION:
3. P+xt= (\/3 )Z
x=2
V2
S.c0s8 = —= .
V3
1 N J3 y V2 +1 _ J6+/3 -
cos@—sin & \/5 P 2-1 V241 2-1
NI
= V6+3
4
¥
120 {, -. ~ ~ n
| . (ot F ;
| A ;
Biood | | Pl b P P S P .-'
3 ! ! { R i i H i ! i H |
Pressure | oot P ;o oo [ P r'
I L R A T B
T A T A A
E‘ fll " l‘ l1| -“ \'n / 'n [ ) f 3 |
R T A T Y
ll . . l l b b b
“ i b | } C f ! b '; 3
.\ i \ Ao Vo i V) Vo
% 3 " }f \i i v i VS
20 . y g y , g
u (i3 ) (UL 075 x 125w 15 17 Ix Time (S)

The diagram shows a part of the curve of a person’s blood pressure, which 1s modelled using
y=acosbt +¢

where 1 is time in seconds and y is the blood pressure measured in mm (of mercury).

The length of the same person’s heartbeat is the time between two consecutive peaks on the curve,
Given that the person’s heartbeat is 60 beats per minute,
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(a) Write down the amplitude of y. (1]
(b) Explain why the period of the function 1s 1 second. [1]

() Write down the value of
() o,
@) &
(i) c. [3]

SOLUTION

4 y=acosht+c¢

(a) | amphtudeof y = 25

(b) 60 beats/cycles per 60 seconds.
Therefore 1 cycle takes 1 second

a = 25
2
(© (b= Tﬂ = 2
c = 95
5
¥y
4
2y=3x-16
B
Ll x
A
/
) 2~ 19x+2y +40 = 0
The straight line 2y = 3x-16 intersects the curve 2x* ~19x+ 2y +40 = O at the points 4 and B.
Given that 4 lies below the x-axis and that the point P lies on 4B such that AP : PB=3:1,
find the co-ordinates of P. [6]
43
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SOLUTION

5 | 2y=3x-16 ino 2x° —19x+2y+40=0

2% =19x+3x~16+40=0
2x*-16x+24=0
(x-2)(x-6)=0
x=2,y==5  A(2,-5)
x=6,y=1 B(6,1)

Pix, »)

.‘.P(2+%of4,—5+—i—of6}

P(Z +3,—5+41J:> P(S,—l]
2 2

6 A curve has the equation y =sinx—3c¢os2x.
()  Find the gradient of the curve when x = % . [4]
(i)}  Given that x is decreasing at a constant rate of 2+/3 units per second. find the rate of change
of y when x = % 2]

SOLUTION

6 | yv=sinx-3cos2x

d . :
2 cosx+6sin 2x

(i) . z dy dy dx

=-2) units /s
OR y is decreasing at 21 units /s
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dy x(5x-2)

7 (i) Giventhat y = x° J2x -1, show that . ——\—[—z—-x—] (2]

5 Sx' —2x 1

- dx . A
NZ2x—1 ‘ 4]

(ii) Hence evaluate L

SO UTION

7 y=x 2 J2x -1 ] - )
® dy =(V2x- 1) { (2x- 1)](2)]
-——(2x ]);( )[ (2x )| +x]
_25772)own)
2x-1
(i) *(5x—2) e
= x"2x-1
'[ N2x-—
s 58 -2x4] T s
L——_’_zx—l b = [#V2x-1] +] —— dx
5
N2x—1)(2
= [x2d2x—1:|5+ L—)(—z
i 2
1
- [x2«./2x—]r+[\/2x—11:
= MM+2 =76 L -
ol
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8 Find the coordinates of the stationary point on the curve y=2x* —6x” + 6x~11 and determine
the nature of the stationary point. [7]

SOLUTION

8| y=2x"-6x"+6x~11

Y 6x’ ~12x+6
dx

At turning point,
6x’ —12x+6=0=> (x-1)’ =0

x=1

x 1 r
d_y +ve (0 +ve
dx

Shape / - /
At x=1, y=-9

~. Point of inflexion at (1,-9)

9 (a)  Show that the roots of the equation 6x° + 5(m —1) = 3(x+ m) are real if m < 2 11-61 . (3]

(b}  Find the range of values of & for which (k +3)x* +4x+k is always negatjve for
all real values of x. (4]

SOLUTION

9 6x° +5(m—1)=3(x+m)

(@ | 6x’~3x+2m-5=0

| B —4ac=9-4(6)2m—5)=129- 48m
For real roots, 129~ 48m > 0

48m <129

, m¢2£.
16

For function to be negative, »° —4ac <0 and (k+3)<0
® 16— akk+3)<0

~4k*> - 12k +16 <0

~A(k+A)(k-1) <0

k<-4 or k>I(reject)
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10 A particie P moves in a straight line so that ¢ seconds after leaving a fixed point O,
its velocity v ms™' is given by v={2¢ - 3)2 -9.
(a) -Sketch the v-f graph of the particle P for 0s7<5. [2]

(b) Hence or otherwise,
(i)  find the range of values of 1 for which the acceleration of P isless than 4 m/s’. (2}

(i) find the distance travelled by P in the first 5 seconds. (3]

SOLUTION

10 | v=(20-3)"-9.

(a) v
A
a0+
: 3 1
O\ 5
(1.5,-9)
bl
D& _42-3)
dt
?{4 —=4(2t-3}<4 =1<2 01«2
t

3

Distance traveled = jo (2¢ —3)2 -9dr+ E(2r —3»)2 -9dt

6 L] 6 1

=18+ 16§+18

(id)

=52gm
3

£
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: EY . .
11 In the expansion of (f - Z—J , where £ is a positive constant, the term independent
. x
of x is 15.
(i} Showthat k=2. (4]
(ii) With this value of &, find the coefficient of x in the expansion of
. kY
x°—-— [ [8x+1).
( 21] (8x+1) (3]
SOLUTION
h )
7 (xz —iJ
2x
@ "C.,(x?)?(——k—J =15
2x
]
k—4X]5=15
2
kﬂ = 24
k=2
OR
General Term
] A‘ I / k hY ke
=00 (7 "*(--—) = L—--J ) (x
A A7y ] D (x)
Independent of x : (x*)*" {x)" = x°
Therefore 12-3r = 0. r=4
4
Term = °C4[~£) = 15
2
le(—EJ = 15
2
kd — 24
k = 2
() | (..—20x" +..)(8x+1)
x* term = -160x"
. Coefficient of x* = —160
2015 CHS PRELIM EXAM 3 ADDITIONAL MATHEMATICS ( 4047/1) Page 10
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12 A circle, C, has equation x* +y° -10x+6y+9=0 .
(i) Find the coordinates of the centre and radius of C. (3]
(i) . Give areason why the y-axis is a tangent to C. 1]

The circle C crosses the x-axis at the point (1 , 0).

(dii} Show that the equation of the tangent to the circle Cat P1s 3y —4x=-4. [3]
(v} Find the coordinates of the point where the circle C crosses the x-axis again. 1]
SOLUTION

12 | X" 4y’ -10x+6y+9=0

@ I =10x+5 -5 +y* +6y+9=0
(x=5) +(y+3) =25
So, centre is {5, —3) and radius 1s 5

(i) |Since radius is 5, leftmost x-coordinate of circle Cis 5-5=0
Hence, the y-axis is a tangent to C.

1 grad}’ cenire = 9:'-_3 = __E
(iii) ' 1-5 4

. . 4
Equation of tangent 1s y = 3 x+c¢

0:ﬁ+c
At P(1,0),

(iv) | X' -10x+5 -5 +y +6y+9=0
suby=0, x*-10x+9=0

(x—])(x—9):0

Coordinates = (9, 0)

LY
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In a Science experiment, a container of liquid was heated to a temperature of X °C.
It was then left to cool in a chiller such that its temperature, 7 °C, t minutes after removing
the heat, is given by 7 = Ke™™ , where ¢ is a constant.

Measured values of ¢ and T are given in the following table.

1 {minutes) 2 4 7 10 12 l
reC 72.8 60.2 452 34.0 28.1 1
(i)  On graph paper, plot InT against t and draw a straight line graph. [3]
(ii) Use the graph to estimate the value of K and of g. _ 4]
(iii) Estimate the temperature of the liquid 5 minutes after it was left to cool, [2]
SOLUTION
13 | T=Ke™

{f) | Labelling of axes of graph
correct plots
straight line almost passing all points

L) | 7= ke
! InT=-gt+Ink

327372 =-0.096
3-8
g = 0.096
i In K =4.48

K =e"* =882

(iii) | 7 =882 00
~54.6°C

Alternatively from graph,
r=5InT=4

T=¢*=54.6°C
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Mathematical Formulae

1. ALGEBRA
Quadratic Fquation

For the quadratic cquation ax’+ bx t ¢ =0,

- hEAND - dne
vz LY A

2

Binomial Fxpansion

r!(n—r)! r!

2. TRIGONOMETRY
Identities
sin? A4 + cos’A = 1
sec’ 4 = 1 + IanZA
cosec” A = 1+ cot ’ A
sm{Ad+ B)- sin 4 cos B+ cos A4 sin B
cos{A = B)= cos 4 cos B ¥sin A sin B

tan (A + B )= lan 4t 1an B
|%tan Alan B

sin 24 =2sinA4cos A4

cos24=cos” A—si A=2cos’A—1 = 1 —2sin’ A4

lan 24 - 213”;‘..
i-tan” A4

Formulae for A ABC
u b C

.sin/i - s B N sinC

al = b2+ 2 2bc cos A

A= tabsin(C

%
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1 The roots of the quadratic equation 4x” —33x+16=0 are a” and B°. Find the
quadratic equation whose roots are « and S, giventhat a + #>0 and af3 > 0. [61
2 (a)  Solve the equation sin’ y+2cos2y =2cosy for f = y <360". [3]

cos(A + B)+cos(4-B) _

b) Prove that cotB. [4]

sin{ A+ B)--sin(A4 - B)

The diagram shows a triangle ABC in which angle CMB 1s o radians, angle B is a right angle,

M is the mid-point of 4B and the length of CB 15 4 m.

Without using a caleulator, find the value of the integer % such that

ZACM =sin"[£]. [6]
26 :

'S [TURN OVER

R — e __ ..
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4
A E
The dragram shows a quadrilateral ABCD whose vertices lie on the circumference of the circle.
The point £ lies on the extended line CB such that 4E is a tangent 1o the circle.
CE and AD are parallel lines.
() Explain why angle BAE = angle CAD. [2]
(ii) Show that triangles BAE and DAC are similar, [2]
(i) Given that 4B = BE | explain why the line 4C bisects the angle BCD. (2]
5

The diagram shows the plan of a rectangular desk, PORS, in a corner of a room.

Grven that the desk has length 1.5 m and width 0.8 m, and that ZPOS = ZSTR = 90’

and ZOPS =6,

(1) Show the length of OF, L can be expressed as L = 1.5sin8+0.8cos@. (3]

(i) Express L inthe form Rsin{€+a)where 0" <a <90°and R > 0. (3]

Hence, find the value of & for which
(i) L has a maximum length, (2]

iv) L=12m. [2]
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167" + 48(4°%)

2.t+3 « 81-'-2

6 (a)  Simplify (4]

(b) Solve the equation  5™' = § + 4(57"). (5]
7
yll
C(4, 6)
D
B
A2, 0) E X

The diagram shows a thombus ABCD with vertices 4 and C at the points (2, 0) and (4, 6)

respectively. D lies on the y-axis and the line CB produced intersects the x-axis at E.

(i)  Show that the y-coordinate of D is 4. (3]
(ii) Explain why the rhombus ABCD i1s also a square. [2]
(iif) Find the coordinates of E. {2]
(iv) Calculate the area of the quadrilateral AECD. [2]

gc  (TURNOVER

e —
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The diagram shows a solid body which consists of a cone fixed to the top of a right circular cylinder

of radius » cm and height # cm. The slant edge of the cone is 37 cm.

(i) Given that the volume of the cylinder is 1087 cm”, express A in terms of . [1]
(iiy  Show that the total surface area, 4 cm’ of the solid is givenby A= 4;r[5T4+r? J . [3]
(iii)  Caventhat r and # can vary,
(a) find the value of » for which 4 has a stationary value, (3]
{b) dctermine whether this stationary value s a maximum or minimum. (2]
9 (i)  Find the range of vatlues of m for which the curve y= (x—])(x- 4) and the line
v —=mx+3 donot intersect . (3]

(iiy Sketch the graph of y =i(x —1)(x—4)|, showing the coordinates of the tumming point

and the points where the curve meets the x-axis. (3]

(iii) Find the number of solutions of the equation J:(A —1){x— 4)5 = —x+]. 2]

log, Sxlog, 4

10 {(a) Without using a calculator, show that -2 =4, [3]
log,.5
. 2x
(b) Gwenthatyzln‘/ -, x>0 and x<-4,
x+4
(i) find & 14]
W
(1)) Hence show that y has no stationary value. (2]
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11 The polynomial P(x)=2x"+ax’ +bx+8, where a and b are constants, leaves a remainder

of 10 when divided by 2x—1. Given that x+2 isa factor of P(x),

(i) find the value of @ and of b.

(ii)  Explain why the equation P(x)= 0 has only I real root. Hence find this root. [4]

1
12 The diagram shows part of the curve y=4- e? which cuts the axes at 4 and at B.
y -

(i) Find the coordinates of 4 and of B.

[4]
The tangent to the curve at 4 meets the x-axis at C.
(ii) Find the coordinates of C. (4]
(iii) Find the area of the shaded region. (4]

~ End of Paper ~

L 74
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the quadratic equation ax? + bx+c¢=0,

r = -bt Vb —4dac

2a

(a+d) =a" +[:Ja”"b+(;]a”‘zbz +...+(n}1""b’ +...+ 0"
¥

where n is a positive integer and g - =n(n—1)...(n—r+1)
r) ri{n-r)}! r!

Binomial Expansion

2. TRIGONOMETRY
Identities

sin?4 + cos?d = |
sec’A =1+ tan’ 4
2, 2
cosec" 4 =1+ cot“ 4
sin (4 = B)=sin 4 cos B + cos A sin B

cos{(A+ By=cosAdcos B ¥sinAsinB

tan (A+B)= lan At tan B
1+ tan A1an B

sin24=2sinAdcos A

cosZA=0052A~sin2A=2coszA— 1=1-2sin" 4

tan 24 = 213",’4
1-tan” A

Formulae for A ABC
a _ b ¢
sind  sinB sinC

a?=bp2+ 2 - 2be cos A

A= labsinC
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The roots of the quadratic equation 4x’ —33x+16=0 are a’ and . Find the

quadratic equation whose roots are « and £, given that a + £ >0 and aff >0.

SOLUTION

(6]

45’ —33x+16=0

a}ﬁl - 4
aff =2 or —2(reject)

33
a’+ pfr=—
=y
[a+ﬁ)2 =a’ + B +2ap
:11’2+4=ﬁ
4 4

a+f= % or — % (reject bec a+>0)

: 7
~. Equation: x’ —§x+2= 0=>2x"-7x+4=0

(a)  Solve the equation sin” y+2cos2y =2cosy for 0" <y <360".
(b) Prove that C(_)S(A + 2 C_OS(A ~&) =cotB.
sin(A+ B)—sin(A - B)
SOLUTION:
] h
2 | sin" y+2cos2y=2cosy
(a) | 1-cos’ y+4cos’ y—2-2cosy = d
3cos’ y—2cosy—1=0
(3cosy+1)(cosy-1)=0
1
cos_v=—§ or cosy =1
Basic Angle = 70.53 y=0",360°
y=109.5°,250.5°
(b) g:gs_(A+B)+COS(A—B)

LHS = — _
sin(A+ B)—sin(A-B)

cos Acos B+ SinAsin B +cos Acos B—sin Asin B
sin Acos B + cos Asin B —sin Acos B+ cos Asin B

2cos Acos B
2cos Asin B

cos B

s B

= coth

LW—'—_—'—_"—"_—_
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B

The diagram shows a triangle ABC in which angle CMB is % radians, angle Bis ari ght angle,

M is the mid-point of AB and the length of CB is 4 m.
Without using a caleulator, find the value of the integer k such that ZACM = sin"[ Y

)

SOLUTION
T 4
tan — = —
6 MB
(i ) VY S Y
!anﬁ
6
AC = (8\@)3+4" = 4T3
. Sx
sin ZACM sm 6
43 413
1
. 9 3
sin £ZACM = ><4J§ = Y-
a3 213
2413 V13
ZACM = sin"{zﬂ;]

Therefore % = 39
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p E
The diagram shows a quadrilateral ABCD whose vertices lie on the circumference of the circle.

The point E lies on the extended line CB such that AE is a tangent to the circle.

CE and AD are parallel hines.

(N Explain why angle BAE = angle CAD. (2]

(ii) Show that triangles BAE and DAC are similar. 2]

(iii)  Given that 4B = BE, explain why the line AC bisects the angle BCD. 2]
SOLUTION:

4] - | _ ]
() | ZBAE = LACB (tangent chord theorem)
= Z/CAD (alternate angles)

) | 1) riangles BAE and DAC,

ZBAE = ZCAD (part (1))

ZCDA=180°— ZABC (opposite angles of cyclic quadrilateral)
= Z/ABE (angles on straight line)

ZACD = ZAEB (angle sum of triangle)
Hence, triangles BAE and DAC are similar.

AB = BE , implying that triangles BAE and DAC are similar isosceles triangles.
LACD = LCAD

So,
= /BCA (altemate angles)

Hence, the line AC bisects the angle BCD.

) R—
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16x+| + 48(42\’)

5 (a) Slmp]]fy 2x+3 x 811-2 ) [4]

(b)  Solvethe equation 5 = 8 + 4(5"‘). [5]

SOLUTION:

5 | 16™" + 48(4*")

(a) 2.t+3 % 8,\‘1-2

N 24{.\‘-&]) +48(24x)

- 2.\'+3 % 23{.r+2)

_ 24_‘(+4 +48(24t)

- 24.\’+9

_ 272+ 48)
24,\'(29)

_ 2° 1

T T

() | 57 =8 + 4(57)

s(5')=8+4(5")"
Letwu =5

Su =8+i
u

Su’ =8u+4
(5u+ 2)(u —2)= 0

u= —% (rejected) or u=2

5." —_ 2
- x=0.4306~0.431 (3 s.£)

T T T —— e — T R —
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The diagram shows the plan of a rectangular desk, PORS, in a comer of a room.

Given that the desk has length 1.5 m and width 0.8 m, and that ZPOS = £STR =90

and ZOPS=6.
(i) Show the length of OT, L can be expressed as L = 1.55in&+0.8cos@. 3]
(i) Express L in the form Rsin({8+a)where 0° <a <90"and R > 0. [3]

Hence, find the value of @ for which

(iii) L has a maximum length, 2]
(ivy L=12m (2]
SOLUTION:
6
ST

. LTSR=0, cosf@=— = ST=08cosé
(i) 0.8

sin€=% = O0S=15s5n8

OT =08+ 8T

L =1.5sin@+0.8¢cos8
(i) L =15s5in0+08cos@ = Rsin{f+a)

where R=+1.5 +0.8° =1.7

tana = %,::» o =28.07

L=1.7sin(6+28.07")
(iif) L has maximum length when sin{6+28.07}=1
0+28.07° =90°

8=61.9° (1dp)

Go
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(iv) 1.7sin{6+28.07" ) =1.2
- 1.2

sin(6+28.07")

Basic Angle =44.90°
0+28.07" = 44.9°
& =16.8"(1 dp}

e

2 E X
The diagram shows a thombus ABCD with vertices 4 and C at the points (2, 0) and (4 , 6)

respectively. D hes on the y-axis and the line BC produced intersects the x-axis at £.

(i)  Show that the y-coordinate of D is 4. [3]
(i) Explain why the thombus ABCD is also a square. {2}
(iti) Find the coordinates of E. 2]
(iv) Calculate the area of the quadrilateral 4ECD. (2]
SOLUTION:
7
i
® | Midpoint of AC = (3?_‘%}%}
={3, 3)
6-0
m, =——=3
AC 4 _ 2

[ e e R R —————————
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. . . 1
Equation of perpendicular bisector of 4C is y =— 3 x+c¢

At(3,3),
]
3=-=(3)+c
L)
c=4
. y-coordinate of D is 4.
) 2
gradm=ﬂ=—-2
6-4 1
ad.,=——=~—
gracqp 4 5

-2x -;- =-1 = AD and CD are perpendicular, hence

ABCD is a square.
Equation of BC isy=-2x+¢
6=-2(4)+c
c=14
Ly=-2x+14

() | A4, 6),

Along x-axis, y =0,

0=-2x+14
x=17
E('?,O)
(iv) 12 7 4 0 2
Area = —
20 6 6 4 0
1
=—-]58-8
58-¢]
=25

&)

e
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10

The diagram shows a solid body which consists of a cone fixed to the top of a right circular cylinder

of radius » cm and height s cm. The slant edge of the cone 15 37 cm.

(3) Given that the volume of the cylinder is 1087 cm’, express 4 interms of r. (1]
(i)  Show that the total surface area, 4 cm’ of the solid is given by A= 4,?(& +r"). (3]
y

(in)  Giventhat » and k can vary,

(a) find the value of » for which 4 has a stationary value, [3]

(b) determine whether this stationary value 15 a maximum or minimum. [2]

SOLUTION:
o h=1087 :
(i)
L= 108

T

P

Total surface area = area of cylinder + area of cone
(i) —2rrh+nr® +arl

—2mrk t rt + 3ar”

- 2}1’.{&] +47r°
e
= 47:(5—4 + r?] (shown)
¥

(i dr r
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(a) -2167

%

+37r=0

21?71- =R&ar
-

216 =8r°
r=3

2
Subr=3imod—f,

d’4 4327
PR
- 432
3y
=24

+ 87

2
Since ET is positive, 4is a minimum. (shown)
r

{2
W
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9 (1) Find the range of values of m for which the curve y =(x—1 ) (x— 4) and the
line y = mx+3 do not intersect . f3]

(i1)  Sketch the graph of y = |(x ~1)(x- 4)I , showing the coordinates of the turning

point and the point where the curve meets the x-axis. (3]
(ii1)  Find the number of solutions of the equation l‘(x ~1){x- 4)‘ =-x+]1. [2]
SOLUTION:

o [y=(x-1)(x-4)

- (1) (x—])(x—4) :_-mx +3

X =Sx+4-mx-3=0
x—(m+5)x+1=0
b’ —dac <0

(m+5) —4<0
(m+?)(m+3)<0

L —T<m<-3

. (i) ¥
' A

A 4

(a) | solution
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log, 5xlogs 4 _ [3]

10 (a) Without using a calculator, show that
log,. 5

' 2
(b) Giventhaty:]n\[-—x . x>0 and x<-4,
x+4

@  find 2. [4]

ex

(in Hence show that y has no stationary value. (2]

SOLUTION:

log, 5xlog, 4

10 log,, 5

4
@ | jog, 5x 1%

log, 5
Jog,5

log, 25

42 Jog,5
" log, 25

log, 5
2log, 2+ 0822
2log, 5

1
I

, 2+l = 2x?2
: 2

P H

In 2% |
y=1In, - —
(b) ’ x+4

) |
; ]n[_bf_\z _ lm(ﬁiJ

x+4) 2 \x+4

= %[]n 2x—ln(x+4)]

@ _ 2

dx 21 2x x+4]
3 1_(x+4)—xq 3 2
B 2h ):(x+4) | x(x+4)
2 z 0

(i) x(x+4)

: d . :
sin ce dl # (0 = there is no stationary value
x

3
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2015 CHS PRELIM 3 ADDITIONAL MATHEMATICS (4047/2)

The polynomial P(x) =2x’ + ax’ + bx+8, where a and b are constants, leaves a remainder

of 10 when divided by 2x—1. Giventhat x+2 is a factor of P(x) ,

(i) find the value of a and of &.

[3]

(ii) Explain why the equation P(x) ={ has only 1 real root. Hence find this root. [4]

SOLUTION:

11 | P(x)=2x3+ax2+bx+8

@)

3 2
P[lJz 2(1) +a[l] +b[lj+8=10
2 2 2 2
la+lb=1
4 2 4
a+2b=7

P(-2)=2(-2) +a(~2)" +b(-2)+8=0
4a-2b=8
2a-b=4

2(7-2b)-b=4 = -5b=-10

a=7-2(2)=3

b=2,

P{x)=2x"+3x" +2x+8
={x+ 2)(2)(? +bx+4)

term in x’ :

3x =bx’ +4x), h=-]

P(x)=2x3 +3x" +2x+8

=(x+2){20" - x+4)

for 2x* —x+4,
b' —4ac=1-4(2)(4)
=-31<0

Hence, the equation 2x” - x+ 4 = 0 has no roots.
So P(x}=0 has only 1 real root.

Therootis x+2 = 0 1e x=-2

Need a home tutor? Visit us at www.championtutor.com
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1

12 The diagram shows part of the curve y =4 - ¢?" which cuts the axes at 4 and at B.

y -

(i) Find the coordinates of A4 and of B. (4]

The tangent to the curve at 4 meets the x-axis at C.

(ii) Find the coordinates of C. [4]
(iii) Find the area of the shaded region (4]
SOLUTION:
. » B

12 y=4—-e?

(1) "oy
Whenx=0, y=4-¢> =3 = A(0,3)

When y=0, 0=4—¢?
I.
e? =4

lJr= In4
2

x=2In4 or 4n2 = B(2In4,0) or B(4In2,0)

W |y 1L

6
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Equation of tangent: y = —%x +3

Wheny=0,0=—%x+3
x=6 = C(6,0)

(i)

Shaded area

4lnZ

1
=%x6><3— | 4-e? dx
- i 4In2
=9- 4x—2eix:|

0

=9—|44ln2)-2e2 —(—2)]

=3.9096

~ 3.91 units?

~ End of Paper ~
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GHIJ St Joserh's Convent/Prelim Exam 2016/P1 (

Answer all questions.

4

Express in partial fractions. (5]
x(2x-1)
(i) Prove that cosec (60°-8) = 2 (3]
cos8 (3 —tan6)
(i) Hence find, in surd form, the value of cosec]5°, (4]
(a) Find the term independent of x in the expansion of (2x* —71.;-)”' . 13
X
(b) It is given that in the expansion of (5+ px)", the coefficients of x* and x*are the same.
Express n in terms of p. [4]
(8) The equation of acurveis y={a+2)x" —3x+(a~-1),
In the case where a = 3, show that y =7x-31is & tangent to the curve. (3]
(b) Given that (m— 4)x’ <3x-n1, show that m cannot be positive, (4]
(a} Sketch y= !x(l - 4x)| , indicating the coordinates of the maximum peint and intercepts.

(b)

Hence, state the range of values of & such that %—Qf = k gives more than 2 solutions.[4]
The diagram shows the graph of y =1-|x- 5| where the x-intcreepts arc 4 and 6.
4y
y=1-|x-9
> X

’ X 6\

If aline y=mx+c is to be added to the diagram above, determine a possible value form
and ¢ if

(i) there is | intersection between the 2 graphs, [1]
(i)  there arc infinite intersections between the 2 graphs. 2]

65
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(a) A curve has the equation y = eJ;ln(Z!x) , where x > 0. Find an expression for %

sIn(3x)+2

Hence find L —EJ;— dx. [4]

(b) Itis given that y = 6¢**', Find, in terms of e, the rate of change of x at the instant when

x =5 if y is decreasing at the ratc of -;—e units per second at this instant. [4]

It is known that x and y are related by the equation my = n(2™), wherc m and » are constants.

x 1 2 3 4 5

y 0.566 0.80 113 1,60 2.26
(i} Plotig y against x and draw a straight line graph. - [2]
(i) Use your graph to estimate the values of rs and #. [4]
(fii) By drawing a suitable straight line, solve the equation y =0.9". [2]

A cylinder of radius » cm and height 4 is inscribed in a cone of base radius 5 cm and height 20
cm. The cross section of the solid is shown in the diagram.

20cm

(i) Show that the volume within the cone but not occupied by the cylinder, V, is given by

300 h.a
V=2 (5= mh.
3 7 ( 4)” (3]

(i) Find the stationary value of ¥ and determine whether it is maximum or minimum, [6]

—
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9 (a). The equation of s curve is y = é—l- +10x" . Given that its normal at x = 2 will never meet

the y-axis, find the value of & (3]
(b) A curve has the equation y=2cos®3x for 0< x <x. Find

(i) the equation of the normal at x = -I%, _ (4]

(ii)  thex-values on the curve whose tangents are parallel to the normal at x = 1% . (4]

10 F y

D (0, 8)

A C(15,0) X

td

In the diagram, ADC is a sector of the circle with centre C and BDCE is a straight line, The line
AB is parallel to the y-axis and points C and D are (15, 0) and (0, 8) respectively.

(i)  Show that cootdinates of 4 is (~2,0). (2]
(i) Find the equation of the line that passes through A and perpendicular to the line BC. [2]
(ili) Find the coordinates of £ if the ratio of area ABC: area ACE is given to be 2:1. (5]
(tv) Given that ABFE is n kite, find the area of ABFE. (2]

~ End of Paper ~

6k
(
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CHIJ St Joserh's Convent/Prelim Exam 2015/P1

cosec (60° - 8) =

LHS
_ 1

~ gin (60°- )

_ 1

" sin 60°cos & —cos 60°sin &

cosﬁ(«ﬁ-tanﬂ) «

" On | Detailed Working - Mark Distribution
A
1 Bx” +1 =4y 4 2x+1 4 x+1 M1 (for correct
x(2x-1) x(2x—1) guotient from fong
division)
x+1 A B
==+
x(2x-1) x 2x-1 M1
x+1=A2x-1)+8x
Let x=0
=~ M1, M1
(for A and B)
Letx=05
0.58=15
B=3
d
20 S NP T S Al
x(2x-1) x 2x-1
2(i) 2

M1 (for applying

1 Addition formula)
(lf-) cos - (%)sin 9
_ 2 +cosd
J3cos@-sing +cosd M1
2
= = shown
cos6 (v3 ~tan8) (shown) Al
t1
(,
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(
20 cosec 15°
= cosec (60°-45°) M1 (for 6= -45°)
2
" c0s45° (V3 - tan 45°)
- 2
cosds® (\5 —tan45°)
2
= 71E 1) M1 (for special £s)
W2 (V3+]) MI (for rationalising)
= x®
(V3-1) (f3+)) o
=J2(J3+) orV6+V2
3(a) 95t - 1 e
( 7;)
T"l .
= IOC,. (2 x;l)ln-r (__x-—ﬂj)r MI
- locr (z)lll-r (_l)r(x 0-1,-05r
=1 OC,. (z)lﬂ-r (_. l)r ( x)iﬂw‘l.ir
©
' 20~2.5¢ =0 M1
r=38
~ T, =10G,(2)*(-1)' =180 Al
am | G+px)
"C(5) pt ="Cy(5)" P M1 (for specific term
or correct expansion)
n(n—1Xn-2)(n-3) sy~ p* nn=1Xr-2) .3 3 M1, M1 (f lvi
pl L (5Y " p V1, M1 (for applying
13'!2)(33(4 1X2x3 nc fomulatoboth
nTJ(S)"“p‘ =" p sides)
n-3
ralad
n= 2-!-3 Al
p
[—
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4(a) y=(a+2)x" -3Ix+{a—1)
Let g =3,
y=5x"-3x+2
5% ~3x+2=Tx-3 Ml
¥ -3x+2=Tx M1
5x' —-10x+5=0
D=(~10 —4(5)(5) =0 Bl
Therefore y = 7x—3 is & tangent (shown).
ap) | (m—=4)x* <3x-m
(m—-d)x* -3x+m<0
(=3)} - 4(m—4)m) <0 M1 (for D<0)
9~d4m(m—~4)<0
4m* —16m~9>0
@m +1)(2m =9y > 0 M1
m<-t, ms>dl M1
2 2
{ Bl
Since m—-4 <0, thusm <——.
. m cannot be positive (shown)
S(a)
shape -B1
turning pt &

x-intercepts - Bl

63
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I%-Zx’ =k
|
-2-|x-4x=| =k
(1 - 4x)] = 2k Mi
1
0<2ks—
16
O<ks —1-
32 Al
S(h)(i) m= 0, ¢=] Al
OR any other relevant answers
5(b)G) (5, 1) and (4, 0)
1-0 1
m '3-:'2 M1
y=0=1(x-4)
© y=x-4 Al
on
OR Alternative answer;
(3, 1) and (6, 0)
120
5-6 Mi
y-0=-1(x-6)
y=-~x+8 Al
6(a) |y= eJ_ !n(3x)
dy 1,5
—=—ex *In(3x)+— M1
i ex ( x)+ eJ_
eln(3x)
23:: 7;
_elnGx)+2e
Nx
. Hlin(x)+2] Al
2Vx
(.
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*¢[In(3x) +2] s
j‘ T dx= [ev/x InGx)) M1
I’In(3x)+2
1 2,\[_
= Wr @)}
=J51n15-1n3
=496 Al
6(b) | y=6e™"
1 o
in Gem-l(x 1)2=3B M1
dx 2 x-1
x-\
_1, :38 N M1
2 Jx-1 di
1,3 & M
2T
_q_{_x____ -l—e units/s Al
a3
s@m |20_20-h M1
5 r
207 =100 -5k
_100-54
20
7 Sﬂih
4 Mi
1 2 1,2
V:-:r(S) (20)-::(5——11) h
=i°301—(5—-h) #h  (shown) Al
61
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8Gi) y_f.??l_(s.._h)‘
=—-5°°” 25+ 2k -
3 16
v 3
-a;l-=—25:r+$7rh 167:'}: M1
3
Zp —Sh425=0
T M1
k=20 (re)), h=6%cm Al
ﬂ=5:r—-—~—xh M1
an 16
=57r——-l%:r(63-)>0 (min) Al
V=§29£..(5-— 62) :r(G-—) 291em? Al
9(s) y=£——+10x’ =-Ex"+10x’
dy -10
10 M1
o kx’+30x
-10 Mi
30 =
h 4 x
~10+4306¢ _ o
TI:
10 =30k(2')
1
=L Al
96
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9(b)(i) | ¥=2c0s 3x |
gx:—lZcosstinh M1
dx
B o o, X
- 7 TN g
m, 12c053(12)91n3(12)
1
mn—g M1
T Tap ¥
=T y=2cest 3L =1
$ =gy =200 33)
1 b4
}'—I—E(x—ﬁ) M1
y=-1-x+ 72— Al
6 72
(b)(ii) —12c053xsin3x=—16— M1
—6(2sin3xcos3x) :-é-
sin6x=—l—1— M1
35
a=0,02778
6x=13.1694,6.2554,9.4526,12.5386,15.7358,18.8218 Al
x=0.528,1.04,1.58,2.09, 2.62,3.14 Al
10() | 15— 0)*+(0—-8)' =17 units M1
A=015-17,0)=(-2,0) Al
. B-0 3
10 .
W M= 557713
1
mu(.‘:_i Ml
!
Equation of line L BC:
y-0==-]§—(x+2)
s 15 Al
8 4
20
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IO(iii) Equation of line BC:
3
~8=~—(x+0
y ]5(x )
y—-£x+8 Mi
15
Let B(-2,y)
8 136 1
= e — ——2 +8=—-=9-—
T Tt T:
1
B(-32. 9
( 2’915) Ml
ABC & ACE share the same base AC,
Hence, .1 height of E to x-axis should be —liof AB.
.1 68 B
L height of E to x-axis=—(9—)=—=§—
eight of E to x-axis 2( 15) T 4]5 M1
3
Let E(x,—4—
( 15)
o 15 15
go x=23-1-
2
1 g
E=(23—,4— Al
( 2 15)
Io(i\’) Area DfABFE = A.I'GB of Z(ABE)
-2 -2 -‘-"—Z -2 M1
=1 2 xz
20 138 &8
15 15
=231.2 units? Al
{
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CHU 5t Joserh's Convent/Prelim Exam 2016/P2

1 Thecurveforwhit:hz Gr+ kS)’ 1, where & is a constant, is such that the tangent
to the curve at (-2, 0) is perpendicular to the line 5y =x—1. Find
(i) thevalue of &, (2]
(if) the equation of the curve. 3]

2 The roots of the equation x* =mx~2m® are a and #. Find, in terms of m, an

ﬁ. (6]

equation whose roots are -i—,- and

3 (a) Without wusing a calculator, find the value of ¢ given that
34+3/128 [ —c) 3]

(b) The volume of & cylinder is (9 ++/50)x cm’. Given that the cylinder has a radius

of (2++/2) em, find, without using a calculator, the height of the cylinder in the
+bv2

=== [4]

form

4 An objest is heated in an oven until it reaches the temperature of 90 °C, It is then
allowed to cool, Its temperature, T' °C, whea it has been cooling for time ¢ minutes, is

LA
given by the equation 7=k +he ™, where k and h are constants,

Given that the temperature of the object is 40 °C when it has been cooling for exactly

(10In3) minutes, show that k=15 and k=75, 31
(i) Calculate the value of Twhen =10, 1}
(if) Determine the rate at which T'is decrensing when ¢=25. [2)
@dif) Find, to the nearest minute, the time taken for the temperature of the object to
drop below 35°C, {2

F
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8

(8) Express yin terms of x, log, x*y =3+ log, x — . . [4]
2log, 5

¥

(b) Solve the equation log,(x +5) - log s(x~1) =log,2. (4]

A cubic polynomial f(x) is such that the coefficient of x*is 6. It is given that one of
the roots of the cquation f(x)=0 s -} and [2x* + (2k+1)x~3] isa quadratic factor of
f(x}. Given forther that f(x) Jeaves aremainder of 30 when divided by (x—2), find

()  the value of & and hence, factorise f(x) completely, [4]

(i) by using the resuit from part (i), the number of real roots of the equation
f(x)=15(1~2x), justifying your answer, (4}

The diagram shows a circle 43CD and the tangent ST of the circle at point C. Band C
biscct 4T end ST respectively. Prove that

(fy AABC isstmilarto ASDC, (4}
2ACx DC
i) AS="——"", 4
(i) o (4}
B
D
S cC T

(i) A circle passes through the origin O and cuts the x- and y-axes at 3 and 4
respectively, Find the equation of the circle in the general form. [4]

(i) Given that OP is the diameter of the circle, find the equation of the tangent at P.{3]

(it} Another tangent at 0, which Is parallel to the y-axis, meets the tangent found in
patt (i), Find the points of intersections between the two tangents. (3]

J
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(

9 0 'Givmthﬁty*--x’lnx’,showtbat%=3x(1+21nx). [3]

(i) The diagram shows part of the curve y=xinx cutting the x-axis at point P. The
line x = e intersects the curve at point Q.

(8) Find the x-coordinate of P. [2]
(b} By using the result from part (f), show that the area of the shaded region
bounded by the x-axis, the line x= ¢ and the curve is -};-(e2 +1). (4]

Y

F

10 (i) Express 3cos24+4sin24 inthe form Rcos(24 - a), where 0°<a $90°, [2]

(i) Hence solve 3c0s24+45in24 =4 for 0°< 4 <180°, f3]
(lii) On the same axes sketch, for 0° < x £ 60°, the graphs of [3)

¥y =25in6x and y=2—-§-cos6x.

(iv) Explain bow the solutions of the equation In part (ji) could be used to find the x-
_ coordinates of the points of intersection of the graphs of part (ilf). 2]

12
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11 A particle moves in a straight line such that ¢ seconds after passing through a fixed
point O, its velocity, v m/s, is given by v = 24cos(2¢). When ¢ =0, its displacement

from Qis —6 metres. Find
(i) the magnitude of the acceleration when ¢ =1,
(i) the value of r when the particle first reaches the fixed point O,

(17} the distance travelled by the particle up to the second instantaneous rest.

12 A curve has the equation y = {(x—2)(x +1)°.
dy

(i) Find an expression for o

(ii} Find the x-coordinates of the stationary points,

[2]
(4}
[4]

[2}

(2]

(1) Without determining the nature of the stationary points, show that y decreases as

x increases between the stationary points.

(iv) Determine the nature of the stationary points,

(
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CHiJ 5t Joseph's Convent/Prelim Exam 2016/P2
PRIEAMETI | e
4 %i,n,ded © ' Regiarks |
Ml
ke 4 Al
(b) dp 4
dx (2x +5)°
Y .
Y=1 Gxvsy
1
“Gxesy F Mt
Sub (-2,0), 0=1-(-2}+¢c
s M!
N S
Y= 2x+ sy Al
2 x!— x4 2t =0
g+ f=m ' Bl Either sum or
af = 2m* product
@'+ 4 = (a+ P)(a+ B -3ap] M1
= mfm® - 3(2m*)}
= —Sm3 Al
-—1— +L _ a,.! + ﬂJ
a] ﬁ3 - a,]ﬂ)
_ -5m’ '
B (Zmz)’ _ Ml
-3
gm’
1 1 1
—_—
a] ﬁ] (aﬂ)!
1
T my Ml
=1
8m®
x? —[—-5—,)x+-—-1-,- =0
8m 8m
8m*x* + Sm’x+1=0 Al 33
(
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Qn - R iy P
At “Awarded |
kiQ)) 6 ?
34+ 34128 =(——c)
J2
3442442 = (32 - ¢)?
M]
34+ 2442 =18 6ed2 + ¢ Ml
3442442 =18+ ¢ —6¢2
24 = —6¢
c=—~4 Al
@) | 72 +vV2)h=(9++50)7 M1
(6 +442)h =9 +/50
94542  3-242
- % M1
23+242) 3-242
27342 -20
2(9-8)
_7-3V2
T Al
4 T
T=k+he 0
(=0, 90=k+h Ml
$=101n3, 40;k+g MI
50=2p
3
=75, k=15 Al
B | t=10, T=15+75¢"
=42.6° BI
i T
(t) T=154+75 ®
d_T_= ?S(HLJ *%
df 10
I P M1
2 .
dr[ _ 15 e—;g
df s 2 Al
=-—0.616 °C/min
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@ 1surse <3 Accept working
L g which is in the
g 10 < equation form
t 4
—clnt
10 < 15 Ml
> 10111—4-'—"— 13.2
15 .
t=ld Al
S{a) " 1
i xy=34+1 -
OBs ¥’y =3 +log * 210g’5
log, x*y =3+ log, x ~+1o
Bsx' Y 0gs 2 Bs Y Ml Change of base
2logyx’y =6 +2log, x—log, y
2
log, (¥*y)* = 6 + log, =
: y
2,801 ¥
log(x*y)* - log, —=6 Evidence of using
. _ Ml Power / Product /
(x y &Yy 6 Quotient law
x'y = 5‘ _
pr Ml Index form
y={=
25 2
b4 '?:'5' 0.8 Al Accept x?
() | logy(x +5)~log 5(x 1) =log, 2
1 -
log,(x +5) - _23,0‘_11)_ =log,2 M1 Change of base
log, 3%
logy(x + 5) - 2log,(x ~1) = log, 2
log, = +I) =log, 2 Ml Quotient rule
x+5=2x*=2x+1) Ml Index form
2x? - 5x~=3=0
(2x+1)(x-3)=0
—-lmay, x=3 Al |NoAlifinvalid
2 ans is not rejected
¢
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6 | f(x)= (Ox-4)[2x* + 2k +1)x-3] M1
f(2)=130 Ml
2[8+(2k+1)2~3]=30
54+2(2k+ 1) =15
2(2k+1) =10
k=2 Al
f(x) = (3x—-4)(2x* +5x=3)
=(3x~4)(2x - 1){x+3) Al No Alif given ag
f(x)=0
() | fx)=150-2x)
(Ix-4)2x~D{x+3) =-152x 1)
Bx-4X2x-D(x+3)+15(2x-1)=0 M
(2x - )[(Gx~)(x+3)+15]=0
2x~-D32 +5x+3) =0 Ml
2x-1=0 3xt 4+ 5x+3=0
D=5"-4(3)(3) <0 M1 Use of D or quad
formula
-.5' No of real roots = 1 Al
N
7G) | BCHAD (mid-point thm) Bl
LSCD = LCAD (alt szgment thm) M1
=ZACB  (altZ)
ZABC =180° - LADC (£ in opp segment) M1
= Z8DC
ZLABC is similar to £8DC Al
() | 4c _BC ,
. aL- 2~ art
s cp O Ml
ACxCD =-;-43xsc (mid-pt theorem) M1
AS = 2ACxDC
TC Al
B3(i)
4= (33 0)' B= (03 4) Mi
=> centre lieson L. bisectorof O4 & OB
c=(2
o=(32)
3
Radius = [%) + 2 M
{
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CQu| o Marking potat oS
_ B3
3y . 25 -
2 ap-np=2
(" 2] T
x’—3x+%+yl"4)’+4—%£=0 Al
x4yt -3x-4y=0
(i) X +0 y,+0]= 3,
2 72 2’ M
(%5 75) =(3,4)
4 3
mop—'j's m]"—'-z M}.
y-4=~-3-(x-3)
4y-16=-3r+9
4y=-3x+25 Al
(iif) | Since tangent // to y-axis = x = ¢ from centre of circle
335 3 5
IS e e IS - = —=4
=3y h FEgtgT M
» Mt
(-"-'1)’)‘“(_1r?)‘» ’_‘T Al Al
9 | y=Ling
= 3x*Inx
%zz(f(%}zmx) M1, M
=3x(1+21nx) Al
()8 | xlnx=0 Ml
x=0{NA), Inx=0
x=e'=l Al
{®) ‘ =[x ’
[xe2nndr =[x n 2] Ml
. _ 3
L3x+6x1nxdx-e’lne For integrating
3 . ) 2 3x
5[:’]+jlsxmxdx=3e ML | Eor substituting
) limits
L 6x1nxd.x=3€’-—2§(e! ~1) Ml
[(6xlnxdr=2(e+)
;
\ (e
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-

£ld

Al
19(1) Rcos(24-a)
- f31 L4 COS[ZAH'L&II"' (i]) Ml Either R or @
]
=5008(2A—-53.1°) Al No Al if0 not
in ld.p.
(if) | 3cos2d+4sin2A=4
Scos(24-53.13°) = 4
c08{24-53.13%) = % M1 Do not penalise
. . o for d.p. if this was
24 —53.13 = “36.87, 36.87 y 323.13 donc i!’l pRI't (i)
24=1626° 90.0°
A=8.13° 45.0° Al Al
(i) ¥ B1 for sine graph
’ B1 (amplitude),
2 B1 {shape) for
. cosine graph
0 15 3 45 0
-1
-2
(iv) 28in6x =2 -%cos 6x
43in6x =4 —3cos6x
3cos6x +4sinbx = 4 Ml
Let A=3x
3c0s24+4sin24 =4 Al
113} | v=24cos(2t)
a = —48sin(21) Ml
t=1, a = —-48sin(2)
=-43.6
la| = 43.6 mvs? Al
(i | 5= {24cos(2r)de
i =12sin(20) +¢ M1
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1015y

Equation of line BC:

8
—B (x40
Y 15( )

8
=——x+8
=715

Let B(-2, )

8 136 1
= =—f~ B =0
Y=g O 8=T5=I7

1
B(-2,9-—
(=2,979)

ABC & ACE share the same base AC.

Hence, L height of E to x-axis should be —lz-ofAB.

1 1, 68 8
i t E -ax_i =l 9— =.-—--=4_
1 height of E to x-axis 2( 15) TR

Let E(x, ~4--)
I

—4i=v~§~(x)+8
15 15
)|

=232
=Sy

1,8
= (3=, 4—
E=@49

M1

M1

M1

M1

Al

10(iv)

Aren of ABFE = Area of 2{A8E)
= l X 2

=231,2 units?

M1

Al

Need a home tutor? Visit us at www.championtutor.com
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‘ _, : T:--:." L - .-."'-_.".i.. T N -Mqu ':
T LT P ’ h U S e
t=0,5=-6 =>c==6
§=125in(20) - 6 M1
When P first reaches fixed point, s=0.
125in(28) - 6=10
sin(2t) = 0.5 Mi
=7
6
n Sz
f=-——, ——
3 O Al
(iit) | Atinstrest, v=0
24c05(2r) = 0 M1
U=l Kl
2 2
(=% 3
T4 g Al
.s'-_=123in(2r)-.6
f=0,5=—6
=—, 85= 6 T
4 M1 Either for ¢ =—
Iz 4
t=—, s=-18 I
4 orf=—
t=5,85=-6 4
Dist =6+12+18=36m Al
t=0 T3
sw—f F=0
—> G r—rems,
4 . Tyed
< ' ﬁﬂ—}*a s
-3 5 n
i o
=0 F=f
120) | y=@-2)x+1)
d
= (= DB +11+ (541 Ml
=(x+1)?@x~6+x4+1)
= (x+1)’(4x-5) ) Al
if) d
S =142 -5)=0 M
5
x=-], x==
2 Al
T Needa hometutor?-Visit-usat-www-championtutor.com



tid

o M
A Xk Awar;leii DGR
it
9 For -1 SxS%,
(x+[)2>0 4x-5<0 M1, M1
j': (x+1)*(4x-5)<0 Al
OR
. L 4§
L 3 _—
I '_'1 )
Siglllof‘%"_ -1 -
Since gradient is negative between 2 stat points, y
decreases as x increases between the two stat points.
(iv}
X <=1} -1 |>-1
dy Mi
-_— -ve 0 -ve
dx
\ - \
x = ~1 is a point of inflexion Al
5 5 S
x (-4' 3 > 3
_‘!2"_ “Ve 0 +ve Mi
dx
\ - /
5., 1 ot Al
x= 2 is a min point

7
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+c¢ =0,

_ —b+~b —4dac

X
2a
Binomial Expansion
m 1l n a1 n n=2 32 n H—r 3r -
(a+b)'=a"+| |a™" b+| _|a b +..4| {a™ b +._.+b"
1 2 r
n 1 —_ —
where »n is a positive integer and =" - nln=1)...0n—r + )
r) or ![n—r)! r!
2. TRIGONOMETRY

Identities

sin"A+cos A=
sec-A=1+1an" 4

cosec " A=1+cot A

sin {4+ B)=sin Acos B + cos Asin B
cos{4 + B} = cos Acos B ¥ sin Asin B
tand ftanB
]TtanAtan B
sin2A4 = 2sin 4cos A

cos2A=cos A-sin"A=2cos’ A-1=1-2sin>A
2tan 4

1-tan’ 4

tan{4 + B) =

tan2A4 =

Formulae for AABC
a b c

sind  sinB  sinC
a’=b +c —2bccos A

]
area of AABC = 2 ab sin C

CCHY Prelim Exam (2015) Additional Mathernatics Paper 1 /Sec 4E/5N(A) pg2of7
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1. (1) Sketch the graph of y =8x"' for x > 0. []

(ity  Onthe same diagram, sketch the graph of y = ixg forx20. [1]

(i1i)  Calculaie the exact coordinates of the poimt of intersection of the graphs.
(2]
(iv}  Determine with explanation, whether the normal to the graphs at the point

of intersection are perpendicular. (2]

2. The cubic polynomial f(x) is such that the coefficient of x° is I and the roots of
flx) = 0 are -1, m and 2m, where m is an integer. It is given that f(x) has a
remainder of 6 when divided by x—1.

(i) Find an expression for f{x) in descending powers of x. (4]

(11} Hence or otherwise, solve the equation y* -5y* +2y° +8=0. [3]

3. A cuboid has a square base of side (2 + a\@) cm, where g is an integer. The
height of the cuboid 1s (T + \/5 ) em and its volume s ( \/2—? ~5) e

(1) Find the value of a. 31

(n) With the value of a in (1), find the 1012l surface area of the cuboid in the

form (p+ qxﬁ ) cm’, where p and g are integers. [2]
4. The equation of a curve is y = x° +3x. A straight line has equation y = mx-9.
(i) Explain why the straight hne is a tangent to the curve when =9, [2]

{1} Find the other value of m for which the line v = mx—9 is a tangent 10 the
curve, [3]

(ii)  State the set of values of m for which the straight line does not intersect

the curve. (1]

CCHY Prelim Exam (2015} Additional Mathematics Paper 1 /Sec 4E/SN(A) pglof7
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5. The diagram shows pan of the graph of y = |2x - ][ -2,
v
F
(1) Find the coordinates of 4 and of B. [2]
. : 1
(11)  Explain why the lowest point, C, on the graph has coordinates ( 7 2)
(2]
(i11)  In each of the following cases, determine the number of intersections of
the line y=mx+c with y =[2x—1|- 2, justifying your answer.
(a) m==2and ¢>-) [2]
{(b) m=1 and ¢ <--3 [2]
fr. In a simplified prey-predator model. some wolves were deliberately mtroduced to
anisland 1o curb the population of wild rabbits. The population of rabbits, R, was
given by R =400+ 6000e™"" _ where 1 1s the number of days since the
introduction of wolves.
(1) Find the initial population of wild rabbits on the istand. f1]
(1) After how many days would the population of wild rabbits first drop by
40%7 _ 12§
(1) Explain why the rabbits would never extinet on the island in the long run.
(1]
CCHY Prelim Exam (2015} Additional Malhematics Paper 1 /Sec 4E/5N{A) pg 4 of 7
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Solutions to this question by accurate drawing will not be accepted.

7.
Yy A7)
D(-2,1)
B(8,4)
» x
0 -
E
C
The diagram shows a trapezium ABCD in which AD is parallel to BC. The points
A, Band D are (2, 7), (8, 4) and (-2, 1) respectively. The point £ is on BC and DE
passes through O.
(i) Show that ABED is a parallelogram. (2]
(1) Find the coordinates of E. 2]
Given that CD = CE,
(iii)  find the coordinates of C, (4]
(iv}  find the ratio of the area of triangle CDFE to the area of ABED. [2]
. . . \ cotA+1
8. (a) )] Without using a calculator, prove that cot(45° — 4) = R
cot A—
[31
(i1} Hence find the exact vale of cot15°, [2]
(b) Find an expression for f(x) such that
B _ - T 2 2 1
f{x)= 3sm {Sx—z)+cos X —1lan Ex. [3]
CCHY Prelim Exam (2015) Additional Malhematics Paper 1 /Sec 4E/5N({A) pgSof 7
90
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9. () Express % as the sumn of 3 partial fractions. [4]
x{l-x

8x-5

(i)  Hence find | per 2]

10.  The equation of a curveis y=xe™ .

() Find the set of values of x for which y is an increasing function of x.

(2]
(ii)  Find the coordinates of the turning point and determine whether the
turning point is a maximum or minimum. (2]
11.  The diagram shows a solid container consisting of a cylinder with a hemisphere

dug out. The radius and height of the cylinder are r cm and & cm respectively.

rcocm

Acm

(i) Express A in terms of r given that the external curved surface area of the
cylindrical part of the solid is 12007 cm’. 2]

(ii)  Express the volume, ¥V cm’, of the container in terms of ». [2]

(i)  The solid is heated and it expands at a rate of 0.81 em®/s. Find the rate at
which its radius increases when the height is 60 cm. (3]

CCHY Prelim Exam (2015) Additional Mathematics Paper 1 /Sec 4E/5N(A) pag6of7
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Answer the whole of this question on a piece of graph paper.

12. The table shows experimental values of the two variables, x and y.
x 0.5 1.5 3 4.5 5.5 6
¥y 4,43 5.29 7.44 114 15.7 18.7

It is known that x and y are related by an equation of the form y = ab” +e¢, where

a and b are constants,

(i) Explain how a straight line graph may be drawn to represent the given

data.

of b.

ab* =5¢ 2,

(2]
(ii))  Draw this graph for the given data and use it to estimate the value of @ and
(41
(iii) By inserting another suitable line on your graph, solve the equation
(3]
END OF PAPER
Additional Mathematics Paper 1 /Sec 4E/5N(A) pg7of?
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” +bx+¢ =0,

—b++b —4ac

2a

Binomial Expansion

{a+b)"=a" +(n]a’*‘ b+[n)a’*2 b’ +...+[n) a b +.+b"
1 2 r
n} n! _n(n—l)...(n—r+])

r _r!(n—r)!_ r!

where n 1s a positive integer and (

2. TRIGONOMETRY

Identities

sin“Atcos A=1
sec A=l+wn’A4

cosec A=1+cot” A

sin {4+ B)- sin Acos B * cos Asin B
cos{A4+ B) = cos Acos B F sin Asin B
tan 4 + tan B
1+tanAtan B
sm2A4A=2smAcos A
cos2A=c0s " A—sin " A=2cos” A—1=1-2sin"4
2tan A

tan24d = ——— - -
1-1an A

tan{4 + B) =

Formulae for AABC
a b e

sind smB  sinC
a>=b’ +¢’ —2bccos A

1
area of AABC = > absin C

CCHY Preliminary Exam (2015} Additional Mathematics (Sec 4E) pg2of7
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1. (i  Sketch the graph of y=8x"" for x>0. [1}

5 : 1 3
(1) On the same diagram, sketch the graph of y = 2 x? forx20. [1]

(iii)  Calculate the exact coordinates of the point of intersection of the graphs.

(2]
(iv)  Determine with explanation, whether the normal to the graphs at the point
of intersection are perpendicular. [2]
Ans: 74
13
@ y=—-x"
4
1 mark for each graph
(i) y=8x"
> X
(i)  y=8x"
13
e
73
8x7' = 1 x
4
El
x> =32
x =328
=(2F =22 =14
y=8(4")=2
The coordinates are (4, 2). —— [Al]
: o Ay
(iv = 8x7, = =
) ¥ o
CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pg3of?
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| 3y _3 3
Rt
When x = 4,
%=8x"=—8(4'3)=—%,gradientof npnnal=2

1

Y 3 =£_i=3,gradiemofnonnal=—i ’
dx 8 8 4 3
-2 8.y vy

3 3

The normals are not perpendicular since the product of their gradients is not -1.

----- [Al]

OR

@ =8x7 =-84%)= L

dx 2

d_3 1 34 _3 "

dx 8 g8 4

1 3
——x =] e Ml
2 [MI]

Since the tangents to the curves at the point of intersection are not perpendicular,
the normals at that point are also not perpendicular. ------ [Al]
2. The cubic polynomial f{x) is such that the coefficient of x° is I and the roots of

f(x) =0 are -1, m and 2m, where m is an integer. It is given that f{x) has a
remainder of 6 when divided by x-1.

() Find an expression for f{x) in descending powers of x, [4)
(ii)  Hence or otherwise, solve the equation y* =5y’ +23° +8=0. [3]
Ans: ‘
(i) Let f{x) = k{x+D{x —n){x—2m).

Since the coefficient of x* is 1, k= 1. -—--- {M1]

CCHY Preliminary Exam {2015) Additional Mathematics (Sec 4E) pgdof7
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f{x) = (x+1){x —m)(x—~2m)
f{1)=6

A+ DA —m)1—2m) =6 - [M1]
(—m)1-2m)=3

2m’ —3m+1=3

2m’ —3m—2=0

(m-22m+1)=0
m=2o0rm z—]E(rej) -—— [Ml}]

f(x) = (x+1)(x—2)(x—4)
= (x+D(x*-6x+8)
=x" 5% +2x+8 [Al]

(i) Let x = y*
'Y =5 +2(°)+8=0 —— [M1]
X —5x" +2x+8=0
(x+Dx—=D(x—4) =0

x=—],x=2o0rx=4

yi=-1(ref), y*' =2o0r y' =4 M1}
y=+J2, y=42 —ne [A1]
3 A cubord has a square base of stde {2 + a\ﬁ) cm, where a is an integer. The

height of the cuboid 1s (1 + \ﬁ) cm and 1its volume 1s (JE —5)em’.
(i)  Find the value of a. [3]

(11) With the value of a in (i), find the total surface area of the cuboid m the

form ( p + ﬁ)cmz,wherep and g are Integers. 2]
Pra q

CCHY Preliminary Exam (2015) Additionai Mathematics (Sec 4E) pg5of?
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Ans:

() R+av3) (1 +3)=v27-5

. 33-5
2 T =
( +a\/§) 1+ 75
(3BV3-501-3)
= Mt
(1+3)(1—3) M )
_8f3-14
-2
=7-43

4+3a* +da\3=T7-43 ——— M1}

44307 =7,0° =l.a=+1

dg=-4,a=-]
PR — [A1]
(i) Total surface area = 2(2—/3)° + 42 —3)(1 +¥3) —— [M1]
= 2A7-4/3)+4(3 -1
- 14-83+4V3 -4
= (10-4Y3) em’ e [A]]
4. The equation of acurve is y = x* "+ 3x. A straight line has equation y = mx—9.
(1) Explain why the straight line is a tangent to the curve when m =9 [2}

(1) Find the other value of m for which the line v = mx—9 is a tangent to the
curve. [3]

(1) State the set of values of m for which the siraight line does not intersect

the curve. [1]

Ans:

CCHY Preliminary Exam {2015} Additional Mathematics (Sec 4E) pg6of7
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(i) y=x"+3x
y=9x-9
x' +3x=9x-9
x’—6x+9=0
Discriminant = (=6)" —4(1}(9) =0 ------ (M1}

Therefore, the straight line is a tangent 1o the curve, since they intersect at only
one point. -—--- [Al]

(i) x* +3x=mx-9
X +CB-mx+9=0
B—m)’ —4(1)}9) =0 -—— [M1]
(3—m)’ =36
3-m=16
m =-3 or m=9(rej} ------ [MI]
The other value of mis -3. ------ [Al]

(ili)~3 < m <9 werem-r [B1)

5. The diagram shows part of the graph of y =[2x—1|-2.

yl
4 S VA
AN

C

(1) Find the coordinates of 4 and of B. [2]

. ]
(i Explain why the lowest point, C, on the graph has coordinates {~2- ,—2)

{2]
CCHY Preliminary Exam {2015) Additional Mathematics (Sec 4E} pg7of7
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(iid)  In each of the following cases, determine the number of intersections of
the line y = mx+c with y ={2x~1|~2, justifying your answer.

(a) m=-2 and ¢ >~1 [2]
(b) m=12and ¢ <-3 [2]
Ans:
G) 2x-1-2=0 .
|2x-1=2

2x~1=2 or 2x—-1==2 ----[M1}
2x=3 or 2x=-1

1 1
x=l—orx=——
2

1 1
A (—5,0).3(15,0) - [Al]

Gi) Px-Yz 0, [2x-1]-22 -2

Since C is the lowest point on the graph, y = -2, ------ M1]
|2x—-l|=0, x=l
2
Therefore the coordinates of C are ( % y =2}, =emenn [A1]
OR
At the point where the lines turns, [2x~ =0, x‘ = % -——[M1}
y=0-2=-2
CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pgBof?
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Therefore the coordinates of C are (% , =2). e [AL]

(it})  (a) For m=-2 and ¢ > -1, the line y = mx+c is above the left arm and
parallel to it. Therefore the line y = mx+ ¢ intersects the right arm at one

point. —-—- iM1]
Number of intersection =1 ------ [A1]

(b) For m=1 and ¢ <3, the line y = mx+c 1s below C and the gradient

is gentler than the right arm. Therefore the line y = mx+ ¢ does not

intersect the right arm. ------ [M1]
Number of intersection = @ ------ [Al]
6. In a simplified prey-predator model, some wolves were deliberately introduced to

an island to curb the population of wild rabbits. The population of rabbits, R, was
given by R =400+ 6000¢°"*, where 1 is the number of days since the

introduction of wolves.
(1} Find the initial population of wild rabbits on the island. [1]

(i)  After how many days would the population of wild rabbits first drop by
40%7? [2]

{(1i1)  Explain why the rabbils would never extinct on the island in the long run.

[1]

Ans:
(1) When¢=20,
R = 400+ 6000e° = 6400 ——-—- fAl]
(i) 6400 x 60% = 3840

3840 -- 400 + 6000e
CCHY Preliminary Exam {2015) Additional Mathematics {Sec 4E} pg9of7
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3440 = 6000

e_q_ug; _ 3440
6000

~0.021 = m(i‘l@) M1

t=278~28

It takes 28 days for the population of wild rabbits to first drop by 40%. -—-- [Al]
(ii)As 1 5w, e >0

As aresult, R — 400+ 60000} = 400 -—-- [A1]

Therefore, the rabbits would not become extinct in the long run.

Solutions to this question by accurate drawing will not be accepted.

7.

Ya AQ,7)
D(-2,1)
B(8,4)
b X
ﬁ E
The diagram shows a trapezlum ABCD in which AD 1s parallel to BC. The point 4
15 {2, 7), the point B is (8, 4) and the poimt D is (-2, 1). The point £ is on BC such
that DE passes through O.
{1) Show that ABED is a parallelogram. 2]
{(il)  Find the coordinates of E. f2]
Given that CD = CE,
CCHY Preliminary Exam {2015) Additionai Mathematics (Sec 4E) pg 10 of 7
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(iii)  find the coordinates of C.,

(iv)  find the ratio of the area of triangle CDE to the area of ABED.

Ans:
(i) AD// BE (given)

Gradient of 4B = i__ = 1

8 2

N =]

Gradient of DE= —0 L __1
0-(-2) 2

AB /{ DE =cee- M1)

(4]
(2}

With two pairs of paralle] opposite sides, ABED is a parallelogram. ------ [Al]

{i1) Let the coordinates of £ be (x, )

+2 v+7 -2+8 441
(2L X 0y o .

2 2 2 2

) MI1]

xX+2=6,k%7=5
x=4,y=-2
E(4, -2} ceeeer [Al]

(it)Since CD = CE, C lies on the perpendicular bisector of DE.

Gradient of DE = —%

Gradient of perpendicular bisector= —— =2 - (M1]

Let the equation of the perpendicular bisector be y = 2x+¢

Midpoint of DE is (= 2; 41+ (2_2) )= (1,—%)

—l=2xl+c,c=—§
2 2

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E)
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The equation is y=2x—% weuee- {M1]
Gradient of BE = -2 3

8§-4 2
Let the equation of BE be y=-g-x+c

At(4,-2), =2 =%(4) +e,c=-8

The equation is y=%x-8 ------ [M1]

5
=2x—-—
Y 2
y=—x-38
2x——=gx—8
2
1ot
2 2
x=-11

5 1
=20-11)-Z=-24=
y= )2 >

C(~1 1,-24% ) - [Al]
OR

Gradient of BE =

Let the equation of BE be y = -g-x+ c

AL(4,-2), -2 =—;-(4)+c,c =-3

CCHY Preliminary Exam {2015) Additional Mathematics (Sec 4E) pg 12 of 7
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The equation is y = %x- 8 - [M1]

Let the coordinates of C be (x, ).

Since CD = CE,

JE+27P + (=1 = (-9 +(r+2)" - M1]
X +Ax+4+y" -2y +1=x" -8x+16+y* +4y+4

12x~6y=15
3
]2x—6{-£x-—8) =15 -~ [M1]

3x=-33
x=-11

)

3
=Z2(-11)-8=-24—
y 2( ) 5

C(-1 1,-24-;- ) -=-ee- [AD]

4 -2 —11 4
(iv)Area of CDE = l
221 -245—2

%[4+49+22—4-(-11)—(—98)]

= 90 units’

Area of ABED = -1-

2

2-2 4 82
71 -247

[2+4+16+56—(-14)—4—(~16) ~§]

N | =

= 48 units® ------ [M1]

Area of CDE : Arca of ABED=90:48=15: 8§ -———- [A]]

CCRY Preliminary Exam (2015) Additional Mathematics (Sec 4E)
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cotA+1
cotA—-1"

(3]

8. (a) (i) Without using a calculator, prove that cot(45° — 4) =

(i) Hence find the exact value of cot15° . 2]

(b)  Find an expression for f(x) such that
)= 3gin? T 2 21
f*{x)= 3sin (5x~+z)+cos X —tan -2-x. (3]

Ans:

A 1
ay (yLHS= ———
@ ) tan{45° - 4)
_ 1+tan45°tan A
tan45° —1an 4

=]+1anA

Zwana M

sin A4

1+
= cos A

l_si:nA

cos A

cos A+sin A

=__cosd

cos A—sin 4
cos A

cos A+sin A4

cos .4 —-sin 4
cos A+smAd

_ sin A
= - M1
cos A—smAd [M1]

sin A4
CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) po 14 of 7
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(i) cot15° = cot(45° - 30°)

_ cot30°+1
cot30°-1

ﬁ+1
J3-1

_ (BRB+Y 1)
(3-D3+1)

_4+243
2

= 2++3 - [A]]

) £1(x) = 3sin2(5x-%)+ coszx—lan]%x
= —%[—2sm2(5x—%)]+%[2coszx]—(se&%xﬂl)
= -%[1—2sin2(5x-%)]+%+%[zcosfx~1]+%—sec2}5x+1 ------ [M1]
= —%cos(]Ox—%)+%cost‘—secz%x+3 ----- [M1]
fx) = I(Bsinz(Sx—%5+cx_Jszx—tan2 %x)dx
=.J‘[—%cos{]()x—‘—g*)+%cos2x—sec2%x+3]dx

= —icos(IOx—£)+lsin 2x-21anlx+3x+c ------ [Al]
20 27 4 2

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pg 150f 7
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9. () Express 281 as the sum of 3 partial fractions. (4]

x*(1=-2x)
(i)  Hence find —?ﬁ—dr [2)
x (1-x)
Ans:
y x5 4. 8 C
® xz(l—x)_x+x' = (M)

Bx—5=Ax(1-x)+ B(1 - x)+Cx?

Letx=1,3=C

Letx=211=24+ (-5)(-1)+ 329, 4 = 3 weemev (M1]

bR I —S)
x(-x) x x l-x

.. 8x-5 3 5 3
R PR e
= j}—dr—‘[i,dx+ ——-{bf3
x x- l-x
=3Inx-(-5x")+[-3In(1-x)]+ C ----- [M1]

= 3lnx+§—3ln(l—x)+C
x
5
=3lnx-In(l-x)]+=+C
x

Y . [A1)
X

1-x
10.  The equation of a curveis y=xe™" .

(i) Find the set of values of x for which y is an increasing function of x.

{2]

CCHY Preliminary Exam (2015} Additional Mathematics (Sec 4E) pg 160f7
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(i)  Find the coordinates of the turning point and determine whether the

turning point is 8 maximum or minimum. 2]
Ans:
N -
= =e¢ +x(—e
0 - (—e™)
=77 (1-x) ~-re [M1]

. . . d
For increasing function, ﬁ >0

e"(d-x)>0

Stnce e >0, 1-x>0

x<] ——— [Al]
. dy
—= =0
(11) o
e (1—-x)=0
l-x=0
x=1
y=ie")="
[

Coordinates of turning point is (1, ! ) rememm [A]
4

Use 1™ derivative test;

X 1- 1 1+
dy +ve 0 -ve
dx

Gradient / x

The potnt 1s a maximum point. —--- [Al]

CCHY Preliminary Exam {2015) Additional Mathematics (Sec 4E) pg 17 of 7
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1¥. The diagram shows a solid container consisting of a cylinder with a hemisphere
dug out. The radius and height of the cylinder are » cm and # cm respectively.

rcm

hem
() Express & in terms of r given that the external curved surface area of the
cylindrical pant of the solid is 12007 cm®. [2}
(iiy  Express the volume, ¥ cm’, of the container in terms of 7. {21

{ni)  The solid is heated and it expands a1 a rate of 0.81 cm™/s. Find the rate at - *

which its radius increases when the height 1s 60 cm. [3]
Ans:
(1) 2k 12000 —---- [M1]
rh =600
60
h = o9 - [Al]
r
2 s
mV=m f?—gm' ------ [M1]
600 2,
Ry g
r 3
= 000 ——~m ' - [Al]
CCHY Preliminary Exam (2015) Additionat Mathematics (Sec 4E) pg 18 of 7

Need a home tutor? Visit us at www.championtutor.com



(iii)

Lid
dt

dav
—x
dr

14 =600?ﬂ‘—%?ﬂ'3

dv

Whenh=60,r=10

av

0.81=4007 x i
dt

dr _ 0.81

dt

e [MI1]

6007 —27r% - [M1]

6007 — 2x(10)° = 4007

—— = 0.000645 ——--[Al]
4007

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

12.  Thetable shows experimental values of the two variables, x and y.

X

0.5

1.5

3

4.5

55 6

y

4.43

5.29

744

1.4

157 | 187

It is known that x and y are related by an equation of the form y = ab” +¢, where

a and b are constants.

)

(1)

(iif)

CCHY Prelminary Exam (2015)

Explain how a straight line graph may be drawn to represent the given

data.

(2]

Draw this graph for the given data and us it to estimate the values of ¢ and

of b.

(4]

By insertiing another suitable line on your graph, solve the equation

x

ab” =5e 2.

(3]

Additional Mathematics {Sec 4E) pg 190of 7
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Ans:
(i) y=ab" —e
y—e=ab"
In(y - e) =In(ab”) ------ [M1]
"In(y-ey=lna+xind
Let Y =In(y—¢) and X =x
Y=lha+XInb
If In(y—¢) is plotted against x, a straight line graph can be obtained. ------ [Al]
(i2) From the graph
na=035,a=¢"* =142 - [Al](Answer range: 0.3352+0.02)

235-0.75

Ind =0.4(20.02), b=¢® =1.49 -meerv (Al]

(iii) ab* = 5e *
Inab” =InSe ?

lna+xlnb=ln5—§

In(y—e) = lnS—% e [MI]

Equation of line to be inserted: ¥ =In5- % X

At the point of intersection, x = 1.40 +0.02 -..-- [A1]

END OF PAPER
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1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+c=0,

e -bx+b? -dac

2a

Binomial expansion
(a+d) =a"+ (}:)a“"b + (:)a”‘zb’ oot (n]a”b’ +...4b",
r

_ n! . nn-1..(n-r+1)
(n -r)!r! r! '

where n is a positive integer and (n]
y

2. TRIGONOMETRY
Identities
sin A + cos ‘A = 1
-§ec3A =1 + tan®* 4
cosec’d = 1 + cot’Ad
sin(4 = B) = sin Acos B+ cosA4sin B
cos{A+ B)=cos AcosBFsinAsin B
tanAzxtan B

1T tan Atan B
sin2Ad =2sin Acos A

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

tan(d + B) =

an2 = 204
1-tan* 4
a b c

Formulae for AABC = =
sind simB sinC

*=b" +¢7-2bccos A

A=+tabsinc
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. {a) Solve the equation log, 4 ~log (x" +4x+4)=log x. (4]

J

. 1 1
{b) Sketch the graph of y =", In order to solve the equation In (Tm) =—x,
x—3
a graph of a suitable straight line is drawn on the same set of axes as the graph

of y=¢"". Find the equation of the straight line. [3]

. The roots of the equation 2x° — px — g =0, where p and g are constants, are & and 8.

The roots of the equation 4x” +gx—3x=p-1 are -1 and B-1.
(i) Find the value of p and of 4. [5]
(i) Find a quadratic equation whose roots are «* and 8°. [3]

B
. (i) Given that the coefficient of x™° in the expansion of (14- px) is 448, find the
x

value of the positive constant p. {3]
(ii) Using the value of p in part (i), find the term independent of x in the expansion of

{l+px) (5x° - 4).
X

- (4]
. A curve has the equation y = In(22x) for x> 0.
(i) Find an expression for Q (3]
dx
N
(i) Hence find | in Y dx. [4]
x
. The equation of a circle Cy is given as .x" + 1" ~16x+8y+64 = 0.
(i} Find the coordinates of the centre and radius of the circle €. {3]
(iiy The line ) =k is a tangent to the circle at 4, where k = 0. Find the value
of &. {2]
(iii)The tangent 1o the circle at B{4, — 4 ) intersects y =k at point C. Find
equation of this tangent. 1]
- (iv)Explain why a circle C; can be drawn through the peints 4, 8 and C with
AB being the diameter. [}}
(v) Find the equation of the circle Cs. [3}
(vi) Determine, with working, whether { 3; .— 6} lies within the 2 arcles. [2]
13
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The heigbt of a blade on the windmill (measured from the ground) can be modelled by the
equation h=15-7coski where k is a constant and ¢ is the time in seconds after the windmill
starts moving. The windmill starts rotating from the lowest point, 4, when {=0. The
windmill rotates at a rate of 12 revolutions per minute.

(i) Explain why this mode] suggests that the highest point of the windmill, B, is 22 m

above the ground level. [11
(ii) Find the value of k. n
(iii)For how long over the course of one complete revolution will the point 4 be at least

17 m above ground level? [2]

(iv)Explain how the solution in part (iii) could be used to find the duration of the
point 4 being at least 17 m above ground level over the course of two complete

revolutions. 2]
(v) Suggest a possible equation of how the height of a blade varies against time if the
windmill starts rotating from the highest point at B. R

The diagram shows a solid machine part that is made up of a closed cylinder joined to an
inverted right circular cone. The height of the cylinder is # m and the slant height

of the cone makes an angle of J—;- radians 1o its base radius, r m.

(i) Given that the volume of the machine part is 507 m’, express k in terms of r. [2]
(ii) Show that the total surface area of the machine part is given by (4]

A= (9-23)+ 1907
2

3
(iii)Given that r can vary, find the value of r for which the total surface area of the

machine part is stationary. i3}
(iv)By comparing gradients, explain why this value of r gives the least total surface
area possible. (2]
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8. The equation of two curves are y=cos2x—2sin” x and y=sin2x.
(i) Show that the x-coordinate of the points of intersection of the two curves satisfy

2co82x-sin2x =1. [1]
(ii) On the same axes sketch, for —7 < x < 7, the grapbs of y = cos2x - 2sin’x

and y=sin2x. (4]
(iii)Express the equation 2cos2x—sin2x =1 in the form cos(2x + a) =k, where o

and k are constants to be found. {4]
(iv)Hence find, in radians, the x-coordinates of the points of intersection for

—A <X <. 31

9. A particle travels in a straight line from a fixed point O with acceleration a m;’sz,
given by a=8¢/—k where ¢ is the time in seconds after passing O, and k is a
constant. The velocity of the particle is S m/s when it passes O, and at 1=2, 1ts
velocity 15— 21 my/s.

(i} Find the value of £. [3]
(1) Find the value(s) of 7 when the particle 1s instantaneously at rest. [2]
(3i1)Calculate the average speed of the particle during the first six seconds. [3]
(iv)Describe completely the motion of the particle int the first six seconds. (2]
10. )
A
P T )

In the diagram, two circles touch each other at T and P7(J is therr common
tangent. AB is a tangent to the-smaller circle at E. AT and BT cut the smaller circle
at [ and C respectively. ET and CD intersect at F. Prove that

{(iy AB//DC, (2]
(ii) ZATE = 2 BTE, (3]
() ET =CTrx DI+ FF < ET. (3]

¥h
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11. (i)Differentiate (x+2)V4x -3 with respect to x. (2]
()

¥y
A
™~ y 3x+2
B 34::-3
0 > x

. 3x+2 . . ; 2.

The diagram shows part of the curve y = . A line with gradient -3 intersects
4x~3

the curve at 4(1,5) and B.
(a) Venfy that the y-coordinate of B is % [5]
(b) Determine the area of the region bounded by the curve and the line 48. [4]
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1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0 ,

—bxVb*-4dac

2a

Binomial expansion

(a+b) =a” +(T)a""b+ (;]a"'zbz +ot (n

a”’h ... +8",
r

n! _ n(n-1.{n-r+1)
(n—r)!r! rt

- . 3 n
where » is a positive integer and ( ]=
’

2. TRIGONOMETRY

Identities
si® 4 + cos 24 = 1
sec’4 = 1 + tan’ A4
cosec’d = 1 + cot’A
sin{A = B) = sin Acos B x cos Asin B
cos{(A = B} =cosAcosBFsinAsin B
tan(A = B) = tan 4 xtan B
Ixtan Atan B
sin2A4=2sin Acos A
cos2A=cos’ A~sin’ A=2cos2 A-)1=1-2sin* 4
2
tanZ2A = ﬂ—:j—
1-tan“ 4
Formulae for AABC a b <

sind_ sinB sinC
a =b +c*-2bccos A

A=iabsinc
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1. (a) Solve the equation log 4 -log (x* +4x+4)=log, x. 4

3

log,4-log,(x* +4x+4)=log, x
3

2log(x+2) log x

log,4 log, 9 e 1 M]
3
log,4-log,(x+2)=-log. x Mi *
4 1

x+2 x Ml
3x=2
x=2 Al

3

(b) Sketch the graph of y =¢™". In order to solve the equation In{ : 3 ) = %x ,
x —_—

a graph of a suitable straight line is drawn on the same set of axes as the graph
of y=e™*. Find the equation of the straight line. (3]

\
K Bl

)
In =—x
x-3;/ 2

] 1
Inl-—In(x-3)=—x
2 ( ) 2

In(x-3)=-x M1
x-3=e¢"
Draw y=x~3, Al

€
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2. The roots of the equation 2x” — px - g =0, where p and ¢ are constants, ar¢ « and B.
The roots of the equation 4x” +gx—3x=p-1 are a—1 and §-1.

() Find the value of p and of ¢. [5]
a+p=L___@)
2 Ml
q
-3 ___ 2
aff 2 (2)

(@-B-=L-—-(4) M1
Sub (1) into (4)
ap-(a+ )41~ - s (Da+ f)

aﬂ——;-(a+ﬁ)+§= (5

Sub (2) and (3) inte (5)

4+ — =
2 M1

Al

Sub g = —l%inlo (3)
3_("§) i
a+f=— 7 +2=3—
b 4 6

1y 1
=2[3-|=6—
peafag)o;

p=6%,q=—l-§ Al
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(if) Find a quadratic equation whose roots are o’ and B [3]

s_ 125 M1
(aB) oI _

2z
o+ =31 | —of 2|32
6 6) 36

a,+ﬁ3z31(301_§}_5149

6136 6] 216 M1
, S149 125
- x+—=
216 216
216x° —5149x+125=0 Al

11
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8
3. (i) Given that the coefficient of x™ in the expansion of (l+ px) is 448, find the
X

value of the positive constant p. (3]

o

o

™ oo
i
-
.

p'x M]

™~ o0
-
[
B
do

2r-8=-2

r=3

Tﬁ( s Jpsx"
2

=56p°x?

56p° = 448 MI
p =8

p=2 Al

(i) Using the value of p in part (1), find the term independent of x in the expansion of

(i+ px) (5x7 - 4).
X

(4]
2r-8=0
r=4
J;=[ z’ )2*=1120 M]

]
(~l- + ZX) (5x* - 4)
X

= (. +448x7 +1120+..0(5x -4) M1
Tenmn independent of x

= 448(5)+1120(~4)

— -2240 Al

M1
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3
4. A curve has the equation y = In(2x)

-

(i) Find an expression for %

dy 3x-6xIn2x

—.—=__x.4_..___. M2
3 6

=T Al

(ii) Hence find f In 3.: dx.
. x
3
J(2- - 22,
6In2x 3 In(2x)
J==f5a-=5-+C,
In2x 1 3 In2x
dx=—3x"dx- +C
f x ﬁ'r 2x°
=l 3x7) anjr +C
6y -2 2x°
I In2x
& ——— +C
4 2x?

AP R R I N I P e O R B

for x>0.
(3]
(4]
Ml
M1
M1
Al

8
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5. The equation of a circle C; is given as x*+ y* —16x+8y+64 = 0.
(i) Find the coordinates of the centre and radius of the circle C). (3]

(x=8)’ —(-8) +(y+4)' ~(4) =-64 M1

(x-8) ~(y+4) = 4°
Centre of circle= (8, 4)
Radius= 4 units

(i) The line y =k is a tangent to the circle at 4, where k = 0. Find the value

of k.

The 2 tangents to circle are y =0 and y = -8.

Since k=0 k=-8.

2
BI [2]
BI

(iii) The tangent 1o the circle at B(4, — 4 ) intersects v =k at point C. Find

equation of this tangent.
x=4

(1)

(iv)Explain why a circle C; can be drawn through the points 4, B and C with

AB being the diameter.
A(8.-8), B(4,-4),C(4,~8)
Since AC L BC, / BCA =90°

[1]

-« A circle C; can be drawn through the points 4, B and C with AB being the diameter.

( Angle in a semicircle) R}

(v) Find the equation of the circle Ca.
Midpoint of AB

NEES)

E

2 2
= (6,-6)
Radius

- 8-y 4 (8-

=2\E units
(x-6) +(y+6)° =8

M1

M1
Al

(3]
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(vi) Deterrnine, with working, whether (3% ,— 6) lies within the 2 circles. 2]

Length of (3_6, —6) to centre of C,

=J(8-3.6)2 +(—4+6)’
=483 vnits

Length of (3.6, -6] to centre of C,

—J(6-3.6) +(-6-(-6)]

=24 umts

Since length of (3.6,—6) to centre of C >4 units, (3.6, -6) is outside C,. R}

Since length of (3.6,-6) to centre of C, <2\E units, (3.6, -6) is within C,. R1
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The height of a blade on the windmill (measured from the ground) can be modelled by the
equation h=15~-Tcoskt where k is a constant and ¢ is the time in seconds afier the windmjll
starts moving. The windmill starts rotating from the lowest point, A, when = 0. The
windmilf rotates at a rate of 12 revolutions per minute.
(i) Explain why this model suggests that the highest point of the windmill, B, is 22 m
above the ground level. I
—l=coshkr <1

~T=-T¢coskt=<7T
15-7<15-Tcoskt =15+7
8 <15-7coskr < 22 Bl

.. The highest point of the windmill is 22 m above the ground level.

(i) Find the value of &. (1]
Period = 5 seconds

k=2

BI
5

(iii)For how long over the course of one complete revolution will the pomt A4 be at least
17 m above ground level? (2] .
]5—70052?”.' =17

2 2
COS——f =——
5

Basic angle= 1.281044625
2—5}5.' = 1.8600548028,4.4226372779

1 =1.480577078,3.519422922 M]

Length of time= 3.519422922-1 480577078
=2.04 seconds Al
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(iv)Explain how the solution in part (iii} could be used to find the duration of the
point 4 being at least 17 m above ground level over the course of twoe complete
revolutions. (2]
In the first revolution, point A is at least 17 m above the ground level for 2.04 seconds.
Since the second revolution is identical to the first, the total time for point A to be at least
17 m above the ground = 2( 3.519422922 -1.480577078)= 4.08 seconds. Rj

Bi
(v) Suggest a possible equation of how the height of a blade varies against time if the
windmill starts rotating from the highest point at B. f1]
h= 15+7c052?”r Bl
s
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The diagram shows a solid machine part that is made up of a closed cylinder joined to an
inverted right circular cone. The height of the cylinder is # m and the slant height

T .. . .
of the cone makes an angle of 3 radians to its base radius, » m.

(i) Given that the volume of the machine part is 502 m’, express 4 in terms of ». [2]

Let the height of the cone be a metre.

noa
tan - = —
-
a=~3r
50 = nr'h +;m-2 (\Er) Ml .
3
h=ﬂ-£3~r
o3 Al

Al

Need a home tutor? Visit us at www.championtutor.com



M1

(ii) Show that the total surface area of the machine part is given by

]
A-%—(9—2J§)+lm”.

r

Let the slant height of the cone be p metre.
T r

COS— = —
3 p

p=2r

A=gr’ + 2nrh+7r(2r) M1

V3

-ar’ + Z.m'(gg— —3——r]+ 2nr? Ml
r

=3ar: +

1003_&1"2 Mi
r 3

2
=:"%(9_2\5)+ﬂ’£ Al
r

machine part is stationary.

ﬁ=£(9_2‘/§)_100:: Ml
dar 3 r’

when £=0
dr

2(9_2\/5)2129.
3 r

P 300 M1
2(9—233)

r=3.00 m (3 s.f)) Al

area possible.

[4]

(iii)Given that r can vary, find the value of r for which the total surface area of the

(31

(iv)By comparing gradients, explain why this value of r gives the least total surface

[2)

r 2.99 3.00

3.01

Sketch ~,

V4

Since ;ﬁ changes sign from negative to positive as r increases through the stationary
r

point. The total surface area is the least when r=3.00 m. R}
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8. The equation of two curves are y=cos2x—2sin" x and y=sin2x.

(1) Show that the x-coordinate of the points of intersection of the two curves satisfy
2cos2x—-sin2x=1. [1]
cos2x —2sin” x = sin 2x
cos2x+cos2x—l=sin2x

] Bt
2cos2x-sin2x =1

(11} On the same axes sketch, for —a < x < 1, the graphs of y =cos2x—2sin’x
and y=sin2x. [4]

Cl: xy-intercepts
Cl: Maximum and Minimum
Points

Cl: xy-intercepts
Cl: Maximum and Minimum
Points

o i e .

S

+
o
—— =
t
-
+
-
.
il
]
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(ii1)Express the equation 2cos2x—sin2x =1 in the form cos(2x + a) = k, where o
and k arc constants to be found. {4]

2cos2x—sin2x =1
2cos2x-sin2x = Rcos(2x+ox)

= Rcos2xcosa— Rsin2xsina

Reosa =2, Rsina=1 M1
tana:%::;a=0.463647609 : M1
R=+s Mi

5 cos(2x +0.464) =1

Js Al

cos(2x+0.464) = 5

(iv)Hence find, in radians, the x-coordinates of the points of intersection for
—R<X<IT. {31

N

cos{2x+0463647609) = =

Basic angle= 1.107148718
2x+0.463647609=1.107148718,5.176036589,-1.107148718,=5.176036589 M]

x=0.322,2.36,-0.785,~2.82 A2
Minus 1

for each
eITor

1.
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9, A particle travels in a straight line from a fixed point O with acceleration a m/s?,
given by a =8t -k where ¢ is the time in seconds after passing O, and kis a
constant. The velocity of the particle is 5 m/s when it passes O, andat 1 =2, its
velocity is— 21 m/s.

{i) Find the value of k. {31
a=8r-k

v= (8 -k)dt

=4 -kt +c . Ml

When f=0,v=5,¢c=5, Mil

When 1 =2,v=-21,
~21=4(2Y ~2k+5

k=21 Al
(it) Find the value(s) of 7 when the particle is instantaneously at rest. 2]
When v=0,
4 -211+5=0
(4r-1)(1-5)=0 M1
(111)Calculate the average speed of the particle during the first six seconds. [3]
s= f(ar =211 +5)dt
4 5 21

=—-_r+514C
3 1

When r=0,5=0,C, =0,

s=ir’—2r:+51 M1

When ¢=0,5=0m,
When f=10.25,5=0.104583333 m,

When r=5,5= —70%m,

When 1 =6,5=-60m,
Average speed during the first 6 seconds

0.6]4583333+(0.614583333+70§)+(70§—60) M]
- 6
~13.8 m/s Al

(iv)Describe completely the motion of the particle in the first six seconds. 2]

The particle starts at a fixed point O. At ¢ =0.25, the particle stops and reverses its direction of
motion. At =5, the particle stops again and reverses its direction of motion, moving toward O.
Al 1 = 6, the particle has a displacement of -60 m from O. R2 for 3 points

R1 for 2 points
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10.

P 2

In the diagram, two circles touch each other at T and PTQ is their common

tangent. AB is a tangent to the smaller circle at E. AT and BT cut the smaller circle

at D and C respectively. ET and CD intersect at F. Prove that

() AB/IDC, (2]
£ BTQ = / TARB (Alternate Segment Theorem)

LBTQ = £ TDC(Alternate Segment Theorem) RI
S LTAB=2TDC,AB/IDC ( Comr. Ls) - R1
(i) LATE = £ BTE, (31
LATE = £ ECF(Zs in same segment) R1
~/ BEC (alt. Zs, AB//DC) R1
=/ BTFE (alternate segment theorem) Rl
(i ET? =CT x DT + EF xET. (3]

£LTDF = £ TEC {£s in same segment)
/ DTF = Z ETC (part (ii))

ADFT and AECT are similar. ( 2 pairs of corr. Zs are equal) Rl
FT_DT
CT ET R

ETxFT =CT x DT
ET(ET - EFY=CT x DT
ETF*=CTxDT+EFxET

R]

Need a home tutor? Visit us at www.championtutor.com



11. (i)Differentiate (x +2)v4x -3 with respect to x. [2]

Ea;-(x+2)\14x- =%@L2)+\Mx—3 Mi

4x-3
52(x+2)+4x—3
4x-3
6x+1]
- Al
J4x—3
(ii)
A
™~ Ju 3222
B 34.1'-3
0 > x

The diagram shows part of the curve v = jﬁi . A line with gradient -% intersects
4x -

the curve at 4(),5) and B.
(a) Verify that the y-coordinate of B is % [5]
Equation of 4B:
2
-5=-={x-1
y 3 (x-1)
2 17

y=—-—x+_

3 3
3x+2  =2x+17

Jax-3 3

Ox+6=(=2x+1TWax-3

81x% +108x+36 = 16x° —12x* = 272x" + 204x +1156.x = 867
16x° —365x" +1252x-903=0

M1

Ml
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Let f(x)=16x> = 365x" +1252x-903

fH=0

(x~1} is a factor of f(x).

16x° —365x* +1252x —903 = (x~1)}(16x” + Bx+903) Ml

Comparing coefficient of x* ;

-365=E8-16
B=-349
(x ~1)(16x* -349x +903) =0
(x=-1{16x-301)(x~-3)=0 Mi
x =1,3 or 18.8125(rejected)
whenx=3,v= 303)+2 = H(shown)
Jaz)-3 3 Al
(b) Determine the area of the region bounded by the curve and the line 43. (4]

Area of region bounded by cugrve and line 4B
3 3x+2 dx

1 11
_Ex(5+?)x2—f‘ —

2 1 5 6x+1- 3
=8——= + dx M1
3 2"" Jax-3 Jax-3

2 ) ~5 1 p3 —=
=8§—5[(x+2)\/4x—3]'—§fl 34x-3) 2dx

3

-82_Lixs2) 4x—3]‘3-l 3x-3)" Ml
S R
2

:8%—%[(x+2)\/4x—3]3—%-\/41’—3]3

=s§-%(5\/§-3\ﬁ)—%(\/§—ﬁ) Mi

= 11 units’ Al
6

ok
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax* + bx+c=0,

Binomial expansion

(@+b) =a" + [ja""b + (;Ja""b’ F.t (n)a""b' +..+b",
r

} _ _
where » is a positive integer and G PR U i D))
r; ri(n—r r!
2. TRIGONOMETRY

Identities
sin’ 4+cos’ 4 =1
sec’ A=1+tan’ 4
cosec’A=1+cot? 4
sim{ A+ B) =sin Acos B+ cos Asin B
cos{ A+ B)==cos Acos B Fsin Asin B
tan A+ tan B
litanAtanB

tan(4+ B) =

sin2A =2sin Acos A
cos2A=cos’ A—sin*A=2cos’ 4-1=1-2sin’ 4
2tan A
tan2A4 = —
I—tan‘ A

Formulae for AABC
a b C

sind sinB gm C'
a’ =b'+¢? —2bhccos 4

A— —l— absinC
2

FMS(S) Sec 4 Exp / Sec 5 N(A) Prefiminary Examination 2015 ' ' 2

Additional Mathematics Papeor ©
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1 Giventhaty= (1 — tan’ x)cos2 x , show that % =-2sin2x. (3]
8—-3x : .
2 Express as a sum of 3 partial fractions. [5)

(1-x)(2x+3)

3  The pressure, P, and volume, ¥, of a gas in a container are related by the formula
2500

P= -J=3 . If the pressure increases at a rate of 2.8 units/second, find the rate of
V .
change of volume when the pressure of the gas is 50 units. [5)
: : . : 2 2Y
4  Find the term independent of x in the expansion of (5 —4x) - + v [5]
x

. , 5
5  The equation of a curve is y = In(5—2x), where x < 5

(i)  Find the coordinates of the point on the curve at which the normal to the curve (4]
15 parailel to 2y = x + 3.

(ii) Show that as x increases, y is a decreasing function. (2]

6 Ifsin(4+ B}=3sin (A4~ B), show that tan 4 = 2 tan B.
Hence, solve the equation sin’(x + 60°) = 9sin’ {x — 60°) for 0° < x < 360°. 7

7  Find all angles , leaving your answer in terms of 7, between 0 and 6 which satisfy
(i) 451n 325 cos% = \5 __ (3]

(i) sin®x-cos®*x-3cosx=2. (5]

tof

FMS(S) Sec 4 Exp/ Séc 5 N{A) Preliminary Examination 2015 3
Additional Mathematics Paper 1
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8 (a) Given that the curve, y= 4x* + px + p—6, find the possible range or value(s)

of p for which

() the curve intersects the line y = — 3, [3]
(i) the line y =-—3 isatangent to the curve, [1]
(iii) the curve has a positive y-intercept. {1]

(b) Show that n + 1)x + (4m + 3)x+ 2m — 1 = 0 has real and distinct roots for all

real values of m. B
9 (i)  Sketchthe graph of y = [2x* — 3x — 14| for 0< x <5. [3]
(i) Usmg your graph, find the range or value(s) of k for each of the number of
solutions for the equation |2x* — 3x — 14 =k,
(a) 3 solutions, [1]
(b) 2 solutions, 2]
{¢) 1 solution. [1]
10 Answer the whole of this question on a graph paper.
The table below shows experimental values of the variables x and ¥ which are
related by an equation of the form y=a %" * . One value of y has been recorded
incorrectly.
x 0.1 02 | 03 | 04 0.5
y 5.9 69 7.2 94 | 110 ]
(i}  Plotlgy against x and draw a stfaighl line graph. [2}
(i)  Use your graph to estimate the vatue of a and of b. [4}
(iif) Determine which value of y is inaccurate and estimate the correct value of y. (2]
FMS(S) Sec 4 Exp / Sec 5 N(A) Prefiminary Examination 2015 " - 4
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. 2x cm

> Cardboard lid

Cardboard box

2x cm

The diagram shows an open cardboard box with a rectangular base and a close fitting
cardboard lid which slips over the top of the box.

The dimensions of the lid are 2x cm, x cm and 3 cm. The total area of cardboard used
in making the box and the lid is 2400 cm”’.

(i)  Obtain an expression for y in terms of x, and hence show that the volume,

4
¥ em’ of the box is given by ¥ =800x - % -6x°. n

(i) Given that x can vary, find the value of x for which volume of the box is
stationary. Calculate this stationary value of V. (4]

(iii) Explain why this value of x gives the largest volume of the box. [1]

FMS(S) Sec 4 Exp/ Sec 5 N(A) Preliminary Examination 2015 : -
Additional Mathematics Paper 1
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12 Sclutions to this question by accurate drawing will not be accepted.

Ya

g \4
N X

B

In the rectangle ABCD, the coordinates are A(3, 0), B(-2r—1,¢t-2) and C(-5,1).

¥

(i)  Show that the value of 1=—1. [3]
Find

(i)  the coordinate of D, [2]
(iii) the equation of perpendicular bisector of AD, [2]
(iv} thearea of ABCD. . (2]

~ End of Paper ~

FMS(S) Sec 4 Exp / Sec 5 N{A} Preliminary Examination 2015 6
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Sec 4/5 Preliminary Examination 2015
Additional Mathematics Paper 1

Answer Key
2 1 . 1 . 2 3 Rate of change of volume = - 0.507 units/sec
I-x (1-x)7 2x+3
4 1190 5(1) (2, 0)
9
6 73.9°, 253.9°,40.9°, 220.9°
70) 7 2 7(1) = E;r , i:r or x =7
373 3 '3
8(a)i) | p<Qor p=12 B(a)iil) |p=12orp=4
8(a)(ii) { p> 6
o) YD) gk st
Y, 8
1
oGi)b) |0 <k<14 ork=15§
9)c) (k=0or k> IS%
14
3.5 * 5
10(i) | When x=0.3, y =7.2 (erroneous) 10Gii) | a=10"%=4.79 (3 s.f)
The correct value of y = 10%9% Accept 4.68 to 4.82
=8.04 (3 s5.f) _07 103
Accept 7.76 to 8.14 068
Accept 1.02 10 1.06 o
11(1i) 6460 cm’ (3 s.f) o 12(i1) D(-3,4) )
12(31) 3 13Gv) | 26 units®
y—2= _x
2
3
ory= —-x+2
104
FMS{S-} Sec 4 Ex;ﬁ F_S_é_c-s_r\_!{A) Preliminary Examination 2015 ) I

Additional Mathematics Paper 1
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Secondary 4 Express Additional Mathematics
Preliminary Examination 2015
Marking Scheme

No

Working

Description

1

y= (1 —tan’ x)cosz X
y= cos’ x~tan’ xcos’ x

y =cos’ x—sin’ x

M1 [expansion]

y = cos 2X M1 [Substitute
1dentit
-d-}i =-2sin2x ]
AG1
= LHS
2 8—3x A B C

S Sl + +
(1-x)?(2x+3) 1-x (1-x) 2x+3

8 — 3x = A(] - x)(2x + 3) + B(Zx + 3) + C(1 ~ x)*
Whenx =1, 8- 3 =B(5)

B =1
Whenx = -1.5, 8 — 3(-1.5) = C(1 = (-1.5))’
12,5 =6.25C

C=2
When x =0, 8= A(1}3)+B(3)+C(1)
8=3A+3+2
3=3A
A=1
8—3x ] 1 2

= + +
1-x)*(2x+3) 1-x (d-x)" 2x+3

B1 [correct partial
fraction formula)

M1 [Substitution /
companing
coefficient method]

Al for value of A /
B/C

A1l for all values
correct

Bl
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No Working Description
3 p= 2500
Jr?
23
P =2500V ?
5
4P 3 2500xV 2 M1 [apply
dav 2 differentiation rule]
-2 3750 Al [differentiation
= ~3750V % or - = correctly]
When P = 50, V}? =£5—0—0=50
50 Bl {find
V=5 03, corresponding value
- fv
dp_dp v v
dat 4V di
i ()
dt dt \dP
5
50; M1 [apply chain rule
correctly]
= 2.8x 3750 = - 0.50669 = -0.507 units/sec
Rate of change of volume = - 0.507 units/sec Al
4

2 9
(5 - 4x{§£~ + i)
2 Ix

b
General term for 3i + i
2 3x

Y32\ 2Y

(r 2 ] [f_i;]
ravs 9-r r
9 i

- . 2) (EJ xlﬁ-lr-r
\rj 2 3

:.Kg\fgl 9-,'(2 hr xls-?—r
\r A2 2

(9) QJM’ RIS
rh2

For term independent of x, 18 -3r=0-2>r=6

For term with coefficient of x, 18 ~3r=-1 = r =E§? - there is no

term with l
x
3x2 9 9 9y 3"
(5-4x] -+ = | =(5-4x)..+ —) +...
2 3x 6 A2
9 ~3
Term independent of x = Sx( IEJ _ 1190
6 N2 9

M1 {find general
term] orLLexpansion
tilf the 6" and 7"
term]

M1 [correct
simplification of
index for x)

M1 [find the value
of r, must equate the
index to 0, if r is not
a whole number no
marks. ]

M1 [expansion]

Al
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No

Working

Description

5(1)

y=In{5-2x)
dy -2
dx 5-2x
2y=x+3

x 3

=—+4—
Y 2 2

Gradient of normal =

R,

Gradient of tangent = -2
-2

5-2x

5-2x=1

—-2x=-4

x=2

Whenx=2,y=In(5-4)=0

The coordinates is {2, 0).

B1 [differentiation]

B1 [gradient of
tangent)

M1 [solve for x]}

Al

5Gi)

dy -2

dx  5-2x

Forx<%,(5—2x)>0'and 2<0

Therefore 5 2— < 0, which implies that dy/dx is <0
—LX

Since dy/dx < 0, then y is decreasing.

Bl

Bl

sin{A4+ B)=3sin(A-- B)

sin Acos B+ cos Asin B =3sin Acos B -3cosAsin B
4cos Asin B = 2sin Acos B

2cosAsm B =sin Acos B

2cos A smB _sinA LOSB

M1 [simplification]
M1 [to get tan

fanxy - —
2
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cosAcosB  cosAcosB function]
2tan B = tan 4 L AG
sin’ (x + 60°) = 9sin’ (x — 60°) for 0° < x < 360°
sin(x + 60°) = +3sin(x - 60°) M
Case I: sin{x+60°) = 3sin(x — 607)
Let A=xand B=60
Therefore, tanx = 2 tan 60°
tan x = 2+/3
Basic angle = 73.898
x =73.808, 180 + 73.898
=173.9°, 253.9° Al
Case 2: sin{x + 60°) = -3 sin(-;— 60°)
Let A-60and B=x
! ‘Therefore, 2tan x = tan 60° t Ml
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No Working Description
Basic angle =40.893
x =40.893, 180 + 40.893
=40.9°, 220.9° Al
70) 4sin>cosZ = NE)
2 2
. X _x 3
2sin—cos—=—
2 2 2
Gngo V3 M1 [Apply double
2 angle identity]
(3«
a=sin"} —|=—
2 3
4 4
X=— -
3 3
x= £,2£ Al, Al
3°3
7(i1) sin® x —cos' x—3cosx =2 _
(sin® x — cos? x)(sin2 X + cos? X)—3cosx=2 Bl [ Fact(_)nzat'ion]
1—2cos’x—3cosx=2 M1 [I_Jse 1'dent1ty
2cos® x + 3cosx+1=0 and simplify to a
quadratic function in
ot terms of cos x)
(Zcosx + 1)(cosx +1)=0
cosx=-05 or cosx=-1 M1 [Factorization}
x=—§'ﬁ,§ﬂ' or X =72 A],Al
8(a)(i) |y=dx +px+p-6
y=-3
4x2+px+p-6=-3
4%+ px+p—3=0
For line intersect the curve, b® — 4\ac 20
P2~ 44)p-3) 20 M1 [correct
PP -16p+482 0 discriminant value)
p-12)p- 420 M1 [factorization]
ps4orp212 Al
8(a)(i) [ For tangent line, b® — 4ac =0
P 4(4)p-3)=0
P ~16p+48=0
p-12)p- =0
p=1Rorp=4 Bi
8(a)(it) [y=dx"+px+p—6
For y-intercept is positive, p—6 > 0
p> 5 B1
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No Working Description
8(b) Show that (m + 1)x* + (4m + 3)c+ 2m — 1 = 0 has real and distinct
roots for all real values of m.
b’-dac = (4m + 3) — 4m+1)(2m - 1) M1 [Work out
=16m’+24m +9-4(2m’ +m-1) discriminant
=16m? + 24m + 9 — 8m’ — 4m + 4 expression)
= 8m? + 20m + 13
= 8|:m2 +§-m]+13
2
2
=8(m + 2) + 1
4 2
5\ M1 [Complete the
Since (m + Z] >0, therefore, b” — 4ac = 0.5 square]
Therefore, the roots are real and distinct. Al [Explanation]
9() |y=[|2—-3x-14|for 0<x<5.
y= 2% —3x— 14
y-intercept coordinate is (0, - 14)
x-intercept, y=0,(2x- 7)}{x+2)=0
x=350rx=-2
x-coordinate of minimum point = 35+(=2) ;(_2) = %
.. N 1
Mimmum point s | —,—15~
4 8
x=5,y=21 Shape of graph [S1]
y (correct position of
/ maximum point of
the graph with one
x-intercept
P1 [Points of the
14
graph, shows
maximum point, and
> end points]
X P1 [Show x-intercept
and y-intercept}]
201)(@) 14£k<15]§ 8l
ii " B1, Bl
SO 5 k<14 orkr]S% ’
9(ii)(c) Bl

k=0or k >15%
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No Working Description

10G)

x 0.1 0.2 0.3 0.4 0.5 0.6 P1 [Plot points]
lgy 0.771 0.839 | 0.857 0.973 1.04 1.11 S1 [Straight line
graph
10Gi) [y=a™™
lgy=(b+x)lga=>blga+xlga B1 [convert to
1.11-0.77 straight line graph]
lg a=gradient= ——— = 0.68 M1
0.6-0.1
a=10"%=4.79 3 s.f) Al

Accept 4.68 to 4.82
b1g a = 0.7 which is the Ig y-intercept

=07 =1.03 BI
0.68
Accept 1.02 to 1.06
10(ii1) | When x = 0.3, y = 7.2 (erroneous) B1
The correct value of y = 10°** = 8.04 (3 s.f) Bl

Accept 7.76 to 8.14

11 (1) | Total surface area of cardboard, A = 2400
A=2x"+ 2(2xy) + 2(xy) + 2x% + 2(3x) + 2(6x) B1 [Form correct
A =6xy+4x° + 18x expression of for

surface area)
2400 = 6xy + 4x% + 18x

2400 -4x? —18x Bl [Form equation
y= 6x for surface area)
400 2x _1200-2x° -9

Bl [make y the
x 3x subject of formula)

x 3
=800x—i§;-6x2 AG]
NGy | v 2 B1 [Differentiate the
- 900~ 4x" —12x expression)

At stationary value of V, 9;—:: ={

X
B1 [equate dy/dx =
800 4x* —12x =0 gy [cauate Y

4x? +12x-800 =10
x* +3x-200=0

e 3+./9-4(3)(-200)

2
x=12.721 orx=-15721
x=127(3s.f) B1 {solve for x]

Stationary value of V = 800(12.721) - %(1 2.721) —6(12.721)

= 6461.108846
= 6460 (3s.f) ] B

o

Need a home tutor? Visit us at www.championtutor.com



No Working Description
11({ii 2
) ‘i’: =-8x-12
dv
When x = 12.721, ey =-8(12.721)-12 =-113.768
2 ] . .
Since % < 0, therefore the volume is maximum. ?,31 ([;:I?V:Eité;n with
12(i) gradient of AB x gradient of BC=-1
t-2-1 " 1-2-0
—20-145 —20—1-3 Mi
t-3 1-2
X =-]
-2t+4 -2-4
1-3 w1t 2 M1 [simplification]
-20t-2)y -2(+2)
t=3=-4(1+2)
t—3=-4t-8
5t=-5
AG]
t=-1
12(ii) | Mid-point of AC = mid-point of BD
{3+(—5) 0+1)_[l+x -—3+y]
2 2 2 0 2 Mi
x==-3, y=4
D(-3,4) Al
12(iii) . _-3-0 3
Gradient of AB = T3 = 3 M1 [either midpoint
. or gradient of AB]
Midpoint of AD = [3 +; 3) ,042’—4] =(0,2)
Equation of perpendicular bisector of AD: y -2 =% x Al
3 .
ory=—x+2
y > X
120v) 131 -5-33 M1
Area of rectangle ABCD = —| |
20-31 40
=0.5(-9+1-200—(15-3+12) Al
- 2
= 26 units
Alternative method: use distance formula
Area of rectangie = length x breadth
a2
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Name: ( ) Class:

Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax* + bx+c=0,

= -b1vb? —4ac

2a
Binomial expansion
(@+by =a"+| " e b+l " a2 oo e +o.+b",
i 2 r
1 - -
where n is a positive integer and Mo _nn=l).(n-r+1)
r) ri(n-r) r
2. TRIGONOMETRY

Identities
sin? A+cos’ A=1
sec’ A=1+tan? 4
cosec’A=1+cot’ 4
sin(4+ B) =sin AcosBtcosAsin B
cos(A + B) = cos Acos B ¥sin Asin B

tan 4 ttan B
1+ tan Atan B

sin2A4 =2sin Acos A
cos2A4=cos’ A-sin’ A=2cos’ A-1=1-2sin’ A

tan(4+ B) =

an2.4= 204
I-tan” 4

Formulae for AABC
a b c

sind sinB sinC
a’=b>+¢? ~2bccos A

A:labsinC
2

FMS(S) Sec 4 Express Preliminary Examination 2015 2
Additional Mathematics Paper 2
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Name: ( ) Class:

1 The roots of the quadratic equation 3x’—kx+4=0,where k>0, are ¢ and f, and
that of the equation 12x* —x+12=0 are % and £ . Find the value of £. {71
a
2 A weather satellite orbits planet P such that the equation of its path can be represented
by the equation

X +y'~18x—14y+65=0
where x and y are the longitudinal and the lafitudinal distances from the centre of P
respectively in kilometres, as shown on an astronomical map.
o State the coordinates of the centre and the radius of the orbit. (3]
A second satellite orbits another planet X in the same plane as the first satellite. The
diameter of its circular orbit has end points (10, 9) and (22, 3).
(i)  Find the equation of the path of this satellite. (4]

3 Without using a calculator,

3 2,77

(i) find the value of r and of n, given that ——x =nx", [5]
r 27x
3442 .

(ii simpli in the form a+5+v/2 . 3
) plify 2\/5 1 (3]
4 )] Solve the equation log,(x +2) =3~log;(x—4). [4]
(iiy  Given that log, y+log x- l = 0, express y in terms of x. (4}

' og. Y

5 0] Solve the equation 4cos2x+2sinx =—-2for0<x<2xz. [6]

(if)  On the same axes, sketch the graphs of
y =3cos2x and y = [sin x|
for the interval 0< x <2x | labelling each graph clearly.
State the number of solutions in the interval 0 <x <27 of the equation

3cos2x =|sin x]. [4]

FMS(S) Sec 4 Express Preliminary Examination 2015 o 3
Additional Mathematics Paper 2
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Name: ( ) Class:

6 In the triangle POR, M is the mid-point of OR and PX bisects angle QPR.
The circle passing through P, X and M, cuts PQ and PR at 4 and B respectively.

P
A
o X M R
(i) Explain why £PBM + ZPXM =180°. nm
(ii) Show that ARBM 1s similar to ARXP. 3]

(ili)  Given that AQXAis also similar to AQPM and —f—)ﬁ = iQ , show that
RX OX

RB=0A. [4]

7 A metal ball is heated to a temperature of 225°C before being dropped into a liquid.
As the ball cools, its temperature, 7°C, / minutes after it enters the liquid is given by
T = P+190¢™, where P and k are constants.
(i)  Explain why P =35. (1)
When ¢ = 4, the temperature of the ball reaches 120°C.

(i)  Find the value of & correct to 3 significant figures. (3]
(iii)  Find the rate at which the temperature of the ball is decreasing at the instant
when ¢ = 10. {3}
(iv)  From the equation of T given above, explain why the temperature of the ball
can never fall below 35°C. {2]
FMS(S) Sec 4 Express Preliminary Examination 2015 T T s

Additional Mathematics Paper 2
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Name: ( ) Class:

8 The diagram shows part of the curve x = y* -3y and thelinex +y = 3. If the line

and the curve intersect at P and Q, find

®H the coordinates of P and O, [5]
(ii)  the area of the shaded region. [5]

x=y* -3y

9 f(x)=6x* +ax’ +bx—6 has a factor x+2 but leaves a remainder of —12 when

divided by x-1.

i) Find the value of 2 and of b. [5]
(i)  Factorise f(x) completely and hence solve the equation
48x’ +dax’ =6-2bx. {6]
s
FMS(S) Sec 4 Express Preliminary Examination 2015 5

Additional Mathematics Paper 2
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Name: ( ) Class:

10  An object at 4, with an initial displacement of 3m from a fixed point O, travelsin a

straight line so that its velocity, vms™, is given by v=¢* — 5t + 6 where ¢ is the time

in seconds after leaving A.

i) Find the values of ¢ when the object comes to an instantaneous rest. [2]
(ii)  Find the acceleration of the object at ¢ =35s. [2]
(iii) Obtan an expression, in terms of ¢, for the displacement of the object

from O after ¢ seconds. . 3]
(iv)  Find the average speed of the object in the first 5 seconds. [4])

11 The figure shows two circles C) and C, which touch each other and lie in the xy-plane
as shown below. C; has radius 4 units and touches the x-axis at D, C, has radius
3 units and touches the y-axis at E. The line AB, joimng the centres of C; and €,
meets the x-axis at F and ZBFO=6°.

>

Y
=

0 — b F
(i) Obtain expressions for OD and OF in terms of &and show that
ED*=74+56sin80 + 42 cosf. [4]
(i)  Express ED? in the form 74+ Rcos(@ —a) where R>0and0° <a <90°. [4]
(iii) By considering the extreme positions in which both circles touch the x-axis
and both circles touch the y-axis, show that 8.2°<8 <81.8°, correct to one

decimal place. [3}

~ End of Paper ~

FMS(S} Sec 4 Express Preliminary Examination 2015 6
Additicna! Mathematics Paper 2
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FMSS A. Math Preliminary Examination 2015 Paper 2 Answer Key

1. | k=5 8() | P(0,3),0(4,-1)
20} | Centre (9, 7), radius = /65 or 8.06km | {ii} 10; or10.7or _33_2 sq. units
(i} | (x—16) +{(y—-6)" =45 or 9) | a=5,b=-17
X +y -32x-12y+247=0
3Gy | r=3,n=18 (i) | f(x)=(x+2)(3x-1)2x-3)
Hence, (2x+ 2)(3(2x} - 1)(2(2x}—-3}=0
Sx==1, —l, 3
6 4
(i) {1+2 10 |t=20r3
0 | ,
4(i) | x=-5(N.A)or x=7 (i) la=5mls
- - 3 }
(i) y:x2 or y:‘x2 (i) S:r__s_r-+6;+3
i 2
S = % (or1.57),3.99,5.44 ) | 1.9 m/s
(i) ow Zesh (81 = Jeteedi ] OD=3+7cos8
) 4 B e g ke .
3 w6y | OF =44 7sing
i ED? = OD’ + OF’ (By Pythagoras' Theorem)
-"_ .E‘ ‘.:!./t....},_._
3 by £ § rxs Lok
_ Vo
- ,,. {_;’
6(i) | / PBMand £ PXM are angles in opposite | (i) | ED? =74+ 70cos(@ - 53.1°).
segments of the cyclic quadrilateral PXAMB.
Therefore the sum of these two angles is
supplementary. o
(i1} Z BRM = Z PRX (common angles of (1) YA
ARBM and ARXFP)
L XPR-- £ BMR (ext. Z of cyclic quad.)
or L RBM= Z PXM(ext. £ of cyclic
quad.)
I ARBM is similar to ARXP (by AA
similarity test) L //’W//
G5 1 Since ARBM is similar to &RXP,-E = f‘;‘g. F
PO oM When hoth cireles touch the x-axis,
Since AQXA 15 also similar to &QPM,XQ = QA cinf - ; 6= 82° (101 dec.pl)
Giventhat -+ = P2 M _OM Y A
Ox T RB 04
Since QM = MR as M is the rmid - point of OR, 3
. RB = 0A {Shown)
[ 7(G) | Atr=0, T=225°C.
225= P+150270"
P=225-190 =35
{iy | k=0.201 0 > X
. [¢] T T
i) | 5.117C /min.
; .00 )
v 1 Ase . >0fors20, When both circles touch the y-axis,
190720 8=1 - 6-818(to1 dec.p1)
: 05 =— = & =81 .8%°(to1 dec.pl.
35419007 »35. 3 ( P
T35 -.8.2° <8 < 81.8°{Shown)

Hence the temperature of the ball can

pever fall below 35° C.

N
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FMSS A. Math Preliminary Examination 2015 Paper 2 Marking Scheme

1.

3x’ —kx+4 =0 haverootscand 3.

k
a+pf 3
4
=3 BI
12x2—x+12=0haverootsgand£.
B o
@ p_@p 1 Bl
S a ap 12
2 —
(@+h) -2af _1 M1
af 12
kY (4
2] <o 2
B g
4 12
3 M1 (simplify eqn)
k?-24=1
k?=25
k =5 (sincek>0) Al
20) | x*+y*-18x-14y+65=0
Centre of orbit {-g, -f) = (9, 7) Bl
Radius = /(-9)? + (=7)* - 65 M
=65 or8.06km Al/B2
) | Diameter of orbit=\/(10—22)2 +(9-3) Mi
=~/180
Radius of orbit =——]-28—O Al
X i . 22 3
Mid - point of 0rb1t=(lo+ ,—9—+—)
2 2
=(16,6) Bl
.. Equation of path of this satelliteis
—— 52
(x-16Y +(y - 6)’ =(]TBO}
(x-16Y +(y—6)" =45 or Bl

XX +y'=32x-12y+247=0

u’-f
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3()

r? 27x
2 2t o M1 (Simplify powers of r
9 and x)
r-1=2 M1 (Equate powers of x)
r=3 Al
2 o, M1 (Equate scalar)
Sub.r=3,
2 10-2{3)
=<(3
"-20)
=18 Al
@ | 3.2
22 -1
_3+V2 2241
o1 25 I(;/ll (ra?ional;SC
enominator
_ 6'\15 +§ +}4 + \/5 M1 (51mp11fy)
_ 7V2 +7
7
=1+ \/5 Al
) | log,(x+2)=3-log,(x—4)

log,{x+2}{x—-4)=3
x*-2x-8=%

x? =2x-35=0
(x+5)(x-7=0
x==-5(N.A)or x=7

M1 (Apply product law)

M1 (Change from log to
mdex form)

M1 (factorise)
Al
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(i)

log, y +log, x— > ={
log, ¥

log, x 5

log,y log,y
5

log,y log,

(log, y)’ +1-5=0

(log, y) =4

log, y = $2

=0

log y+

=0

log, v +

y=x* or y=x>

OR

=0

log, y+log, x~
log, y

log x
log, y

log, y
log, x

+log x-5

¥

0

+log, x—5log, x=0
log x :

4Qlog, x)* =1

1
logJ_x= iE

1 L
x=y? or y?

y=x’ or y=x_"

M1 ( Change of base)

M1 (Quadratic form)

Al, Al (y in terms of x)

OR

M1 ( Change of base)

M1 (Quadratic form)

Al, Al (y in terms of x)

5(3)

4cos2x+2sinx=-2for0<x <27
A(1-2sin’ x)+2sinx+2 =0
4sin’x—sinx—-3=0

(4sinx+3)(sinx-1)=0

sinx=—— or

Basic / = sin ’(%) =0.84806

x =7 +0.84806, 27 —0.84806
=3.99,5.44

sinx =1

V.4
x=—(orl.57
2( )

M1 (Apply trigo. identity)

M1 (factorise/general
formula)
M1 ft (equations)

Al

Al, Al
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(i1)

'\‘. ,.' (Gl)

L Bees 2. (B - 2egiz i ;‘r
b - Laﬂ'&r‘wl;{,&)

,r; i

4-%'_"' ) LY

4 solutions Bl

g
vidotsen * £ 9 iy P d:-;)rr-aq{

6(i) £ PBM and £ PXM are angles in opposite segments of | Bl
the cyclic quadrilateral PXMB.
Therefore the sum of these two angles is supplementary.
(ii) Z BRM = / PRX (common angles of ARBM and Bl
ARXP) e
Z XPR= £ BMR (ext. £ of cyclic quad.) Bl
or ZRBM= Z PXM (ext. Zof cyclic quad.)
- ARBM is similar to ARXP (by AA similarity test) | g
(iii) Since ARBM is similar to ARXP,
PR_RM o)
RX RB
Since AQXA is also similar to AQPM ,
ro_oM
X0 o4 Bl
Given that PR = P—Q,
RX OX
. RM _ OM B1
Ry —QA ;
Since OM = MR as M is the mid - point of OR, Bl
".RB = QA4 (Shown)
70G) | Ar=0,7=225°C. Bl
£.225= P +190e"
P=225-190
=35
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(ii)

When 1 =4, T = 120,
120=35+190e %

h4k=1.{3_5}
190

Mi

M1 {change to In)

k=0.20109
~0.201 Al
() | 7=35+190¢7°2""
%}: =—0.20109(190¢™2"%") M1t from (ii) value of &
t
=—38.2077¢ '
Whent =10,
ar _ —38.2077¢%20109%0) M1t if value of f and &
dt clearly shown )
=-5.1148

Temperature of the ball is decreasing at a rate of 5.1 1°C
/ min.

Al (positive value)

(iv)

Ase ™' > 0fort20,
19%—0.2011' - 0

35+190e7° > 35,

ST >35.
Hence the temperature of the ball can never fall below
35°C.

Bl

B1 (must also include
concluding statement)

8(i)

Sub.x=y’ -3y intox+y=3,
y'-3y+y=3

y'-2y-3=0

(y-3)(y+1)=0

y=3 or -1
Sub.y=3and - linto x = y* -3y,
x=3"-3(3) and x=(-D*-3(-1)
=9 =4

s Pis(0,3)and Qis (4,-1)

MI1

M1 (factorise/general
formula)

M1

Al, Al
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(ii)

Area of shaded region
3 ) l 2
=00 - df @@= [ -39 ay

[ .3 3 =P 3 3 20
N S P P
3 2 32 |,
3 2 R AT _ 132
:3__1(.,3_)_+8__ 0_(_12_4.3( 1)
ER 3 2
—41+8—]E
6

= 10g or10.7 or 32 Q. units
3 3

or

1 1, 2

S @@ -[07 -3y

or

Ji6-»ay-[ 367 334

or

130 =30l -2 33+ 2 0+ 9017 -39y

or

[ 50" = 3p)dy - ; (3)(3) + (4)(1) - % mm-

M1, M1, M1

M1 (integrate)

Al

—-3y)dy

1)

| F(x) =6 +ax? +bx -6 (x+ 2)P(x)

F2)=6(-2) +a(~2)* +b(-2)-6=0
-48+4a—-2b-6=0
2a-b=27 --emmo-o (1)

S =6 +ax’ +bx—6=(x~1Q(x)~12

S =6+a+b-6=-12
a+b=—12---ome (2)

(D+(2):3a =15

a=>5

Sub.a =5into(2):

S5+b=~12

b=-17

M1 (equate to zero)

M1 (equate to -12)

M1
Al

Al
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(ii)

fx)=6x" +5x° —17x—6 = (x+2)(6x" + Jx —3)

By comparingcoefficient of x,

M1t from (i) (compare
-3+2k=-17 coeff./ long division/
k=~7 synthetic division)
o f() = (x+2)(6x7 — Tk -3) Alf
=(x+2)(3x-D(2x-3) Al
48x +4ax’ +2bx—6=0
6(2x) + a(2x)’+b(2x) - 6=0 M1
Hence, (2x + 2)(3(2x) = 1)(2(2x) = 3) = 0 Al
[orletu = 2x,
6u' +au’ +hbu—-6=10
Hence, (1 + 2)(3u + 1)(2u —3) = 0]
ur=2x=—2,—1,-?i
372
Sox=-1- 132 Al
r 6’ 4
10) | v=¢"~5:+6
When at mstantaneous rest, v=0.
o5 +6=0 MI (equate to zero)
(t—3)(t—2)=0
1=3 or 2 Al
(i1} dv
a= E = 2[ - 5 M]
When 1 =5,
a=2A5-5=5m/s Al
@) | = [ -5+ 6)ds
5 Ml

== - 46r+c
302

Whent=0,5 =3,
c=3,

AT

S= e v 6t 3
3 2
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M1 (values of 7 and s
indicated)

Al
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(iv)

Whent=
= —2-- 5(2) +6(2)+3= 7
3 3
When t =3,
3
s=3— 5(3) ——+6(3)+3 = 7-]-
3 2 2
Whent=35,
3 2
s=5—— >(5) +6(5)+3=12l
3 2 6
— >
| | L | |
| | | | |
O t=0 =3 t=2 t=5
5=3 s='}'1 5=?g s=12-}--
2 3 6

Average speed in first 55

2 2 .1 I 1
7.3+ -7 y+0132 -7
Uy 20,7727

110)

_ MIf from (iii)

Mift from (iif)

M1t from (ii)

5
_95
5
=1.9m/s Al
/ .
E
H
a > x
GB=7cos@=JD
S OD=0J v JD=3+7cosé Bl
AG=Tsinf =EH
S OFE=0H + HE -4+ 7sin@ IBI
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. By Pythagoras' Theorem,
ED? = OD* + OF?
=(3+7cosf) +(4+7sin8)’

=9+42cosf +49¢cos’ 8 +16 + 56sin & + 49sin’ 8
=25+ 56sin8 + 42cos& + 49( sin’ 8 + cos’ 8)

=25+ 56sin8 +42cosf + 49 (1)
=74 + 56sin & + 42 cos & (Shown)

M1

AGl1

11(n)

ED*=74+56sin8 + 42cos8
=74+ Reos(@ - @)

=74+ Rcos@cosa+ Rsinfsina
By comparing coefficients,
Rsina =56-------- (1)

(M- _36
(1) @):tanar =27

a=53.130°
=53.1°(to 1 dec.pl.)
(1) +(2)? : R? =567 +427
R = /4900
R=70
. ED* =74+ 70cos(8-53.1°).

Ml

Bl

B1
B1

(iii)

4
A

sinf = (M1)

-~ | -

6 =8.2°(to 1 dec.pl.)

~.82°<@<818°(Shown) (AGI)

(M1)

cos@ =

8=81.8"(to1dec.pi.

12}
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Muathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax” + bx +c =0,

-2V —4ac

2a

X

Binomial expansion

S S R o
r

) - ~
where » 15 a positive integer and Mo _p=D(n-rtl)
rjo ori(n-r) r!

2. TRIGONOMETRY

Identities
sin® A+cos” A =1
sec” A=1+tan" 4
cosec A=1+cot” 4
sin{A+ B} =sin Acos B+ cos Asin A
cos( A+ B)=cos Acos B¥ sin Asin B

tanAita_ni
l+tan Atan B

tan(A4 % B) =

§in 24 =250 Acos 4
cos2A=cos" A—sin A=2cos° A—1=1-2sin" A

tan2A4 = _gtanA

l1-tan’* A

a b c

Formulae for AABC ==
simd sinB  sinC

a’ =5 +¢* —2bccos A

A= ! absin
2
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Answer all the questions.

1 (@) Find the set of values of k for which the equation 2x* +5x+k = 2kx +1
has no real roots. (4]

(i) Hence state, with a reason, whether the line y = 4x +1 meets the curve
y=2x"+5x+2. (1}

2 (i) Given that sec 200° =- k, where k > 0, find an expression, in terms of k, for

sin 200°. (2]
(i) Hence show thattan 110° = — 21 . {3]
k* -1
3 The equation of a curve is y = In(5 —2x). Find the coordinates of the point on the
curve at which the normal to the curve is parallel to the line 2y = x + 3. [5]

4 ™" The equation of a curve is y = cos® x + sin3x. Given that x is changing at a constant

rate of 0.56 radians per second, find the rate of change of y when x = % . 5]

5 i Expre i rtial fractions. ' 3

(1) Xpress S ser3 in partial fraction [3]

(ii) Hence find J_Zx—l . [3]
2xi=5x+3

. d? - . d
6 A curve 1s such that ?{ =16e~*". Given that 2 = 3 when x = 0 and that the curve
passes through the point (2,6" ), find the equation of the curve. (6]
123
3
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) 1-sin26 1 2
7 1 Provethat ———— = —-{1—-tan&)".
® 1+cos28 2( n ) [4)

1-siné@

(i) Hence solve the equation
1+cosé

=2, for 0°< 8 <180°. [3)

8 (1)  Wnte down the first three terms in the expansion, in ascending powers of x, of

3xY |
@ (1+Z), 2
®) (2-x). 2]
(ii) Hence find the coefficient of ¥ in the expansion {2 +2x - g—;—IJ . i3]

9 (i)  Calculate the coordinates of the point of intersection of the graph of
y=3-{2x+1| with the coordinate axes. [3]

(i) Sketch the graph of y =3—[2x+1]. [2]

(113) On the same diagram in part (ii), sketch the graphof y=x? for x = 0. [1]

(iv) State the number of solutions of the equation 3 —[2x +1| = x7. [1]

4
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A

10

™
-

R L LT
-
Y

-
e
,
’

L
v

—
v
-~

The diagram shows a time cai)sulc consisting of a cylinder of radius » m and length / m,
with hemispheres of radius » m attached at each end. The volume of the time capsule is

Zw
6
(i)  Show that the surface area of the time capsule, 4 m’, is given by
=g X (4]
3 3r
[4]

(ii) Given that » can vary, find the minimum value of 4.

lﬁ’ﬂ

5
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11 Solutions to this question by accurate drawing will not be accepted.

VA

Y

o M2, 0)X45° x

0

The diagram shows an isosceles triangle POR in which PR = QR . M(2, 0) is the
midpoint of PO . QR meets the x-axis at A and angle AMQ = 45°.

(1)  Show that the equation of MR is y=x-2. [2]
{(11) Find the equation of PQ. 2]
{in) Find the coordinates of Q. [2]

{(iv) Given that the area of triangle POR is 20 units?, find the coordinates of R. 3]

12 Arectangle of area y m” has sides of length x m and (4x + B) m, where 4 and B are
constants and x and y are vaniables. Values of x and y are given in the table below.

b 50 100 - 150 200 250
y | 3250 | 9000 | 17250 | 28000 | 41250

(1) Plot P4 agamnst x and draw a straight line graph. (31
X
(11)  Use your graph to estimate value of A and of B. [4}

(111} On the same diagram, draw the straight Jine representing the equation
y = x" and explain the significance of the value of x given by the point of
intersection of the two lines. [3]

End of paper
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Answers

] 1
1 i 1-<k<5=
@ 2 2

(ii)) The equations of the line and the curve are obtained when & = 2.
Since & = 2 lies in the range, the line does not meet the curve.

2 () sec200°=—k

cos 200° = .
k
A
200°
1N,
-V -1
k .
k-1

sin 200° = —

[Or cos 200° = ——1-
k

Applying identity: sin® 200° + cos® 200° =1

sn 200° = 1—}3; (rej) or — /lrklz

sin110°
cos110°

_ sm(200° - 90°%
cos(200° - 90°)

(1) tanl10°=

_ $in200°c0s90° - cos 200° sin 90 (applying addition formula)

cos 200° cos 90° + sin 200°sin 90°

o))

\fk2~]_ k-1

0+ T
k
13k
7
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{OR tan 110° =~ tan 70°
1

" tan20°
1
tan 200°
1 1

K1 VK-l
1

3 coordinates of the point = (2, 0)
4 — 0.63 radians/s

2x-1 _ 4 _l
2x? -5x+3 2x-3 x-1

5 (i)
(i) 2In(2x-3)-In(x~1)+c

6 y= e“+7x-14

1-sin28

1+cos28

N 1-2sinf8cosé
1+2cos’@-1

70

Applying double angle formulas

- - 2sinfcosd

2cos’ O
1 2sinfcos@

" 2cos’@  2cosi®

sec’ @—tan@

b= B | =

(] + tan’ 9)— tan 8 Applying identity

b |

(1+tzm2 9—213!19)

%(1_ tan 6}

@) #=143.1°

Preliminary Examination 2015

Holy Innocents” High School
Additional Mathematics Paper 1

Secondary Four Express
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8 (@) 1+ B B0y
2 2

(i) 32-80x+80x% +....
(i Coefficient of x* =200

9 (1) Intersects the y-axis at (0, 2)
Intersects the x-axis at (1,0) and (- 2,0).

(ii) correct shape and passing through the coordinate axes
Coordinates of vertex

(iii) correct shape passing through (1, 1)
AY

(iff)

=X
{ii)
{iv) Number of solutions = 1 Bl
2 3} 2
10 (1) 2(57” ]+Jrr 1=
or —xr}+arit=2
6
T a0
I= -%* expressing { in terms of
Tr
-1 4,
6r’

A=22xr Y4277l

1 4 . .
= 4xr® + 2;rr[—2 -— r] substituting a correct expression for /

6r
13f
9
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7 8
P ———nr?

= 4xr
3r

T T (shown)
3 3r

(i) 3.14cm?

11 (i) ZRMA=90°-45°

= 45°
Gradient of MR = tan 45°
. =1
Equationof MRis y—0=1(x-2)
y=x-2
i) y=-x+2 (i11) Coordinates of 0= (4,-2)

Coordinates of R=(7, 5)

(iv)

Holy Innocenis ' High School
Secondary Four Express
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50 100 150 200 250
3250 9000 17250 28000 41250
63 90 115 140 165

ERA-EAE

@ 2

160

140

120

100

80

60

40

20

0 1 + 1=
0 50 100 150 200 250 300

(i) 4 =0.5:02 B= 40+1

() Plot 4 against x as a straight line accurately.
X

The x-value of the point of intersection represents the value where the
rectangle becomes a square.

11}
11
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®

Marking Scheme
Additional Mathematics
Preliminary Examination 2015
Paper 1

2x +5x-2kx+ k~1=0

No real roots = b% —4ac <0 Ml
(5-2k)Y -4(2 k-1}<0

2520k +4k* -8k +8<0

ak*> - 28k +33 <0 correct quadratic M1
Finding the solution of quadratic: k= 1 % or 5% DM1

(2% -3)2k -11)<0

\ ok
X T

1—]-<k<5l Al
2 2

{(i1) The equations of the line and the curve are obtained when & = 2}
B1

(@

Since & = 2 lies in the range, the line does not meet the curve.

sec 200°=—-k
1
cos 200° = — — Mi
k
&
200 °
Vi -1
k
2.-..
sin 200° = - Y&~ Al
128
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[Or  cos200° = —}l; M1

Applying identity: sin” 200°+ cos® 200° =1

: 1 . / 1
sin 200° = 1—;2— {rej) or — l--k—2 Al

Accept any equnivalent form]

sin110°

.cosl10°
_ sin{200° - 50°)
cos{200°—-90°)

(1) tanll0®°=

M1

1n 200° cos 90° — cos 200°sin 90° . -
— ¥ £os C(_)S an 70 (applying addition formula) M]1
c0s 200° cos 90° + sin 200° sin 90°

o)
k 1
= = Al

Vk? =1 B Vk? =1
0+ (-5-7)(1)
k
[OR tan 110° = - tan 70°
1
= - M1
tan 20°
-1 M1
tan 200°
1 1
= — e — - Al}
N L N O
~1
3 y= ln(S—Zx)
d -2
= (M1 for ~ 2 and M1 for ) M2
dx 5-2x 5-2x
Gradient of line = %
. . 5-2x
Gradient function of normal = —-—2— M1
5-2x
- M1
2 2
x=2
?
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y=0

coordinates of the point = (2, 0) Al

4  y=cos’ x+sin3x

Y (3cos? x)(—sin x) +3cos3x M3
Mi1 M1 M1

Y & dr

de dx dt
= (-3cos’ £sin£-|-3ca:)s-:"-‘£)x0.56 M1

6 6 6

= - 0.63 radians/s Al
5 () 2x-1 4 B M1

2 _ "_+_
2x* —-5x+3 2x-3 x-1

2x=-1=A(x-1)+ B(2x-3)

Substitute x = 1, .-
=~B
B=-1 Al

Substitute x = :'33- ,

b= 1
2
A=4 Al
2x-1 4 1
2x? —5x+3 2x-3 x-1
4 1
= -—1d
) J2x 5x+3 J(2):--3 x—])x
=4_1n(2L§)_]n(x_})+c
=2In2x-3)-In(x-1)+c¢ B3

—} for each error
-
Bl B1

Bi

2]
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6 % = [(16e7 Jax

=—4e +¢
Substitute 92 =3andx=0
dx

3= -4 4 ¢
c=7

y=[Eae™ +7)ax
=e ¥ +7x+c,

Substitute x=2 and y = ¢*
et= e 4+7(2) 4 ¢,

c,=-14

y= e +7x—14

1-sin28
1+ cos28

_ 1-2sin@cosd Ml

1+2cos’ 81 e

_ 1-2sinfcosd
2cos’ @

1 2sinfcosf

T 2c0s’8  Z2cos’ @

sec’ 8 —tan &

(I + tan’ 9)— tan 8

(]+tan2 6’—2tan9)

(1-tan8y

N N 0 o=

Bl
(for —4e™)

(attempttofind¢) M1

Al

for e ™ +7x Bl

(attempt to find ¢,) M1

Al
Applying double angle formulas
M2
Applying identity M1
Al
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1-smmé -
1+ cosé

2
%{1—&1:1%] =2 Ml

(ii)

0° <8 <180°
o

0°<—<90°
2

1—tang=20r -2
2
g .
tanEZ —1 (reject) or 3

E=’Ir'1.56" M1
2

8=143.1° , Al

I RRACIHCE

4
= +—x+—512+.... B2

BY- Bl

® @ @ o] e Jore .

= 32-80x+80x" +.... B2
\_Y_)
Bl Bl

(ii) [2+2x—3;2 Tz [(l+§2£}(2-x)}5 M1

_ (PF%X)S (2-x)

=(1 +%x+£x2 4. (32— 80x +80x% +...)
= . +80x* —600x +720x* +.... Mt
= 200x% +...
Coefficient of x* =200 Al
t3%p
5
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(i) Intersects the y-axis at (0, 2) B1

3-|2x+1=0
|2x+1|=3
2x+1=3or2x+1= -3
x=lorx=-2
Intersects the x-axis at (1,0} and (-2, 0). B2
B1 B1
(1t) correct shape and passing through the coordinate axes Bl B2
Coordinates of vertex _ B1
(in1) correct shape passing through (1, 1) B1
er
L\ (1)
i > x
(i)
{iv) Number of solutions = 1 Bl
6
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10 () 2(3;”’)“”21:3’— M1
3 6

7z 4
——=ar
]=5 32 expressing / in terms of » M1
nr
S
6r’ 3

A=2Q2rxr*)y+2xrl

=4zrl + 27”{6% —%r) substituting a correct expression for / M1
’s

7 8
=d4xr’ + =~ —zr?

3r
4 L,
= —ar +— {shown) Al
3 3r
. d4 B P d
W 4 =373

For min value, ;ﬂ =0.

-
§7rr—£2-=0 M1
3 3r
8> -1=0
r=-1— Al
2
1 ? T
Minimum valueof A = —7z| - | + cm’
7o)
. 3 -
2
=3.14 cm® Al
13/
7
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1 @)

(i)

(iii)

(iv)

ZRMA =90° - 45°
= 45°
Gradient of MR = tan45°
=1
Equation of MRis y-0=1(x-2)
y=x—-2

Gradient of PQ =-1

Equation of PQ1s y-0=-1{x-2)
y=-x+2

Coordinates of P= (0, 2)

Applying mid point formula:

Coordinates of 0 = (4, - 2)

Let the coordinates of R be (&, & -2)
4 i
f’-\rezﬂ1=l 0 4 =20
212 k-22 -2

[4(k — 2) + 2k + 0] ~[8 + 0 — 2k) = 40
4k = 56
k=17

Coordinates of R=(7, 5)

[OR PQ=1/(4-0) +(-2-2)

RM = (k-2 +(k -2~0)

-3

g

M1

20k - 2)
(k-2W2 _ J

Area = EX 32x(k—2)fi=20 M1

k=7

Coordinates of R = (7, 5) Al]
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M1
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Ml

M1
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12

X 50 100 150 200 250
by 3250 9000 17250 28000 41250
y 65 90 115 140 165
X
B1
(1) Draw axes and plot all given points, Pl
(inaccurate plot: PO)
Drawing a straight line through all plots Cl
Deduct ¥ mark if a suitable scale is not used,
be
180 & -
1
160
140
120 7 ==
100 A
20 e Sela
60 = - =
20 ¥
20 H g o5
0 : i X
0 50 100 150 200 250 300
(1) y=x(4x + B)
Y _ 4x+B M1
X
g 165-65
T 250-50
M1
=05+02 Al
B 40+t] Bl
13%
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Bl
x

Plot £ against x as a straight line accurately. B1
x

The x-value of the point of intersection represents the value where the
rectangle becomes a square. Bl

10
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3

Answer all questions.

1 A beaker of water is heated until it reaches a temperature of X °C. It is then allowed to
cool. It’s temperature, & °C, when it was cooling for time ¢ minutes is given by
@ =28+60¢™*, Find

(i) the value of X, f1]
(ii)) the value of @ when1=6, 1]
(iii) the value of ¢ when 8= % X. , {2}
(iv) Explain, with working, if the water will cool to a temperature of 20 °C. [2}

A O B
The figure shows a semi-circle centre O, with diameter AB. Points D and E lie on the
semi-circle. AC is a straight line passing through D. BC is tangent to the semi-circle
at B. The tangent to the semi-circle at B meets AD at C. The lines BE and 4D intersect
atF .

'Given that AE = BD, prove that

(i) trangle ABDis congruent to triangle BAE, (3]
(1) triangle ABC is similar to tnangle BDC, [2]
(iti) BC'=ACxDC. [2]

'3 Given that logp(a"‘b): x,and log, % =y, express in terms of x and y,

(i) log,a and log,b, [5]
i) log,| (3
Nab® )
131,&-
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4  Inthe dvagram, AB is parallel to EC.

/E : <
> B

Given that AE : ED = 1:+/2 and CE= (3+&/5)cm, find in the form a\E+b,

A

. CE
(l) E ’ [3]
Giy HeaofACDE 2]
area of ABDA
(iii) the length of AB. [3}

, b
5 A curve has the equation y=ax’ + — , where a and b are constants.
X

(i) Given that the curve has a stationary point at (2 , 5), find the value of 2 and of b.

(4]

{n) Determine the nature of the stationary point. 2]

(in) Explain why the curve is a decreasing function for x < 0. (2]
6  The roots of the equation x° ~4x-8=0 are ¢’and 5°.

(i) Giventhat (@ + 8) =-5a-58, find the value of & + 3. [5)

(1) Find the quadratic equation 1n x whose roots are %2 and %2 . (4]
7  The function f(x)=3x" +2x’ +ax + b, where a and b are constants, has a

factor (xz - 4).

(i) Showthata= —12 andb= -8. (4]

(i?’) Factorise 3x* + 2x’ —12x -8 completely. [3]

(iii) Hence solve the equation - 3x" +2x* +12x-8=0. (2]
Holy Innocenmis ' High School Preliminary Examinaiion 2015
Secondary Four Express Additional Mathematics Paper 2

Need a home tutor? Visit us at www.championtutor.com



5

8 (i) Find all the angles between 0° and 360° inclusive which satisfies the equation
2sinf—3cos28-1=0. [4]

(ii) On the same axes, sketch the graphs of y =2sinf -1 and y =3cos28 for
0° < #<360°. [4]

(ii1) Using your answers to part (i) and (i1), state the range of values of & for which
3cos28 2 2sinf -1 for 0° <6 <360°. [2]

9 A particle moves in a straight line with a velocity, v mi/s, given by v=—-3¢> +12t 13,
The displacement of the particle from a fixed point O after 8 seconds is 400 meters.

Calculate
(i) {a) the displacement of the particle after 5 seconds, [4]
(b) the value of ¢t when the acceleration is zero. (2]

(1) Explain why the particle will never come to rest. :
Hence find the maximum velocity of the particle. 3]

(ii1) Will the particle ever return to its starting point? Explain your answer. [2]

10 (i) A circle C has an equation given by x* + 3" —2kx+2y+1=0, where kisa
positive constant.
Given that C has a radius of 2 units, find the value of 4. (4]

(i) The centre of a circle C, lies on the line y = 2x+2. Given that C, passes
through the points (3 ,2) and (0, - ]), find the equation of C, . [5]

(i) Calculate the shortest distance from the centre of C, to the circumference

of C,. [3]
1 35
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11 () Find |

(if) Showthm-ﬁgkx~2 2x+14)=

and x=p.

L
V2x+1a

(ii1) (a) Find the value of p.

3x+12

3x
Vv2x+14

(1]

J2x+14 3]

The diagram shows part of the curve y =

+] intersecting the line y =1.75

(2]

(b) Using your results from part (i} and part (ii), find the area bounded by the
curve, the line x = p, and the coordinate axes. (4]

(¢} Find the area of the shaded region.

Holv Innocems  High Schaol
Secondary Fowr Express

(2]

Y
3
y=14175
N
0 x= 2
............ End of Paper
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5. Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case
of angles in degrees, unless a different level of accuracy is specified in the question.

INFORMATION FOR CANDIDATES

1. The number of marks is given in brackets [ ] at the end of each question or part question.
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ + bx+c =0,

_ ~bEVb? —4ac

x—.
2a

Binomial expansion

(a+b)"=a"+ [?Ja"_'b+(;]a”'2b2+.._+[nJa"_rb’+...+b",
r

n! _an—D...pt—r+1)
rtr-ry 7! '

. oy . n
where n is a positive integer and [ J=
r

2. TRIGONOMETRY
Identities

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

cos{4 +B)=cosAcos B F sind sin B
tanAd * tanB
1xtanAtanB
sin 24 =2 sin 4 cos A
cos 24 = cos"A -sin’4 =2 cos A—1 = 1] —2sin’A
2tan 4
1-tan’ 4

tan {4 + B) =

tan 24 =
sinA+smB = 2sin%tA+B)cos%(A~B)
sind—sinB = 2c05%(A+B)sin%{A—B)
cos A +cosB = 2cos%(A+B)cos%(A—B)

) 1
cos A -—cosB:—23m%(A+B)sm—2-(A—B)

Formulae for AABC
a b o c
sind smB sinC

a=b+c -2bccosA

A= %absin(‘
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Itis given that f{x)= 2 +9x% ~2x+2.
()  Find the remainder when f(x) is divided by x* +4x-3. [2)

(i)  Hence solve the equation { (x) —5=0, leaving your answers in exact form. [4]

2

5
Write down and simplify the first four terms in the expansion of (Bx—iJ , In
x

descending powers of x, where p is a non-zero constant. * (3]
5
Given that the coefficient of 1 in the expansion of (2x3 -1{31‘-%) is 90p°, find
x x

the value of p. [3]

(i) Solve the equation [10—5x]=10+8x~2x’. [4]

(ii) Sketch, on a single diagram, the graphs of 2y=|10—5x| and y=5+4x—x*,
indicating clearly the x - and y -intercepts and the turning points {(if any)}. [4]

..

(iii) Hence deduce the range of values of x if 10+8x—2x" < |10—5x|. [2)

{a)  The function f isdefined by f: x> (x-1}{(3x-2), xeR.

(1) Sketch the graph of y=1 (x), showing clearly the x- and y -intercepts
and the coordinates of the turning point. (4

(ii) State the range of f. ‘ {11

(i) The function g is defined by g: x—{x-1)(3x-2), x=<k keZ.
State the maximum value of k such that g™' exists. Hence find an
expression for g~ (x). {3}
(b)  The graph of y=h{x) undergoes 2 successive transformations
I A translation of% in the positive x -direction,

I1 A scaling with a scale factor of 2 along the y -axis.

The resulting graph is y=6cosx. Find h (t) [2]

t3%
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(a) Without using a calculator, evaluate 6, given that

32:(+3 x 21+S = 31-!»4 ) [2]
(b)  Solve the simultaneous equations
ee” =g,
log, (x+2)=1+log, y. (6]
. 4x . b .
(i) Express in the form q+——, where a and b are integers. [2]
2x+1 2x+1
(i) Differentiate 2xIn(2x+1) with respect to x. (2]
(iii) Using the results in part (i) and part {ii), determine J'ln (2x+ ]) dx. [4]
y
&
2y=x
3 ..
A
O

The diagram shows parts of the curve y =3—+2x and the line 2y = x. The curve and
the line intersect at the point A4.

(i) Show that the area bounded by the curve y = 3—@ , the x - axis and the hnes
x=45 and x=9 can be expressed as (aﬁ+b) square units, where ¢ and b

are constants. [4]

(ii) Find the coordinates of point 4. (2]

(iii} Find the area bounded by the straight line 2y = x, the curve y =3—\/§ and
the y-axis. [3]
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A circle C, has equation given by (x—1)° +* +6y—16=0.

(i) Find the radius and the coordinates of the centre of C,. [3]
(i) Find the equation of the tangent to the circle at the point P{4,-7). [3]
The point Q is such that P is the diameter of the circle.

(iii) Find the coordinates of Q. [2]

A new circle C, passes through P, Q and R, where R is a point outside the circle
C, such that angle PRO=45°.

(iv) Explain briefly if it is possible for the centre of C, to lie on the circumference of
c,. (1

Solutions to this guestion by accurate drawing will not be accepted.
y
1 B (2a +4, 3a)

4(0,2)

c(b,0) -

D(2,-2)

The diagram, not drawn to scale, shows a trapezium ABCD in which AB 1s parallel
to DC and angle BAD =90°. The vertices of the trapezium are at the points 4(0,2),

B(2a+4,3a}, C(b,0)} and D(2,-2).

(1)  Given that the length of 4B 1s 4\/.;\ 1’.mits, find the value of a, where > 0. [3]
(ii) TFind the equation of AB. (2]
(ifi) Find the value of b. {2

(iv) Find the perpendicular bisector of AB.
Hence or otherwise, show that C hes on the perpendicular bisector of AB. 3]

(v) Find the area of trapezium ABCD . [21

|38
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(cos@+sind)

a i} Show that
@ ® ow fa sec @+ 2tan @

cos’ 0. {2]

(ii) Hence find all values of &, where 0 <& <2z, which satisfy the equation
sec’ 8+ 2tan g

=2(2 a). 4
(cos:ii'+sin6?)2 (2+1an6) 4]

{b)  The diagram shows a rectangle MNOQ embedded in the triangle POR . It is
. 25
given that PR=35 cm, ZQRP =0 and area of rectangle MNOQ is Tcos g,

where 0° < 8 < 90°,

(1) Show that the shaded area, A4, is given by A =2—;(2 sin26—cos 2&5‘)—585~ .

[3]

.. . . 25
(i1) Hence, show that 4 can be expressed in the form 4 = Rsin (29 —a)— —8—
where R>0 and 0° <a <90° [2]

(iii} State the exact maximum valve of 4 . (1]

Need a home tutor? Visit us at www.championtutor.com



11

The diagram below shows a solid toy which consists of a cone fixed to the end of a

right circular cylinder. The cone has a radius of 4xcm and a height of 3xcm. The

cylinder has a radius of 4xcm and a height of Acm. It 1s given that the total volume

of the toy is 9607 cm’.

M

(%)

(iii)

3xcm
hem
——— ___‘_/ h
Show that hzs—?—x. [2}
X

-

Show that the total surface area, 4 cm’, of the toy is given by
48071

X

A=

+28xzx? em®. (3]

Find, using differentiation, the values of # and x which give the minimum
surface area of this toy. You will need to justify that the surface area is a
minmmum for the values of kA and x obtained. . £5]

[The area of the curved surface area of a cone of radius r and slant height { is 77/}

[The volume of a cone = %x base area x height. ]

End of Paper

fs‘[
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2015 S4 IM2 Common Paper Soluntions

No.

1) 2x+1
x? +£‘,lx—3)2x3 +9x* -2x+2

2x° +8x —6x

x+4x+2

x+4x-3

Remainder=25

Alternatively
Let f{x}= (Jc2 + 4x—3)(ar+b)+c

By comparing coefficients, f(x)= (Jr2 +4x —3) (2x+1)+5

Remainder=5

e
r )

138 | From (x* +4x—3){2x+1)=0
":3'(?_ +_4}_—'3)'E Oor(2x+)=07 ~~ T
1 — 4% J22 —4(1)-3)
X=—— 0r X=

2 20

IEEERPL
2

x=-2+J7

x x
2 3
=243x5+5(81x‘)[-;§J+10(2?x3)(?J+10(9x2]{ x*'j: )+
270p°  90p°

. .
2 3
(2x* - 1(3X*x—‘l;) =(2x' -1)[243x-‘ — 405 px? +3m—p-&j’-+_..]

x x
2 _ 3
et (-1Ix 270p +2x3x( 9(1]) )+

X X

_ _200p7 _180p°
X X

Thus ~270p° —180p" = 90p°
=>90p*(4+2p)=0=> p=0(NA)or p——2

Need a home tutor? Visit us at www.championtutor.com



3()

From 10+8x—2x* =[10-5x|

=10+8x-2x° ==-(10-5x) OR 10+8x-2x"=10-5x

=>2x" -3x-20=0
= (2x+5)}{x-4)=0

OR 2

OR x(2x—13)=0

X =13x=0

=>x=-254 OR x=0,6.5
(Reject -2.5) {Reject 6.5)
3(ii)
3 The rangeis x<0 or x> 4.
(3ii)
4(a) 2
)] 2 _y
4 . '/_x x‘_
(a) 2/3 8] i
ii 3.1
4 Maximum value of k=0, e
(@)
(i) | y=(x-1)(3x-2)=3x" —5x+2
=3x* -5x+(2~y}=0
5 i,{25+]2(y—»2)
xXx=
6
Since x<0, g7 (x)= -5—-_—-%
4 Before II, y=3cosx
b x
Before 1, y=3cos{x+ :—4—)
5 37 x 3P 2" x2° =3 x3*
(a) 32.\' X 2.\' _ 34
37 2 x3’
6 = =
32
5(b) | e = e
2+x=4y
x=4y~2._..(1)

[
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log,(x+2)=1+log, y

log, (x+2 =log,2+log, y

log, 4

%log2 (x+2)=log,2y

(x+2)% =2y

Substitute (1) into (2),

dy—-2+2=4y°

4y(y-1)=0 _
Since y =0 as it would make log, y undefined.
Thus y=1 . x=2

6 4x _2(Zx+1)—2_2_ 2
@ | 2x+1  2x+1 7 2x+1
6 |d 2
i a-;[len(ZxH)]=2]n(2x+])+2x[21+])
=2In(2x +1)+ —
2x+1

6 Integrate both sides in (ii),
G | d 4x
I-a-;[2xln(2x+1)]dx = j[zm(2x+1)+ 2x+l]dx
4x
2x+1

2
2x+1

2xIn(2x+1)+e= 2In(2x+1) de+ | dx

=2fIn(2x+1) dx+ [2-

2
2;.r1n(2;.c+1)+c-j2-2x—JrI dx = [2In(2x+1) dx
2xIn(2x+1)=2x+In[2x+1| +c=[2In(2x+1) dx

.'.Iln(2x+l) dx=xln|2x+l|—x+%ln|2x+1| +c

@ Area of region = I:JO—(3—J2_x) dx

1%
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I

o]
= :(%(13)?3: -27)-[%(9 3_.222)]
(5627

= }(545)—22%]

=182 —22%

(ii)

Substitute 2y =x into :
§= 3-V2x

=b6-x= 2\/2_.7:
=36-12x+x" =8x
=x2-20x+36=0
= (x-2)(x-18)=0
=x=2, 18 (N.4)
sy=1

A=(2,1)

(iif)

Area required = J:S —2x dx —% x2x]

il

={3x—%(2x]§]-—1

il

o)

Alternatively
1 31 b
=52+ (3-)) dy

—— . d o — ————

3

(x=1)° +)* +6y-16=0
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(x=1)° +(y+3)° -9-16=0
(x-1) +(y+3)' =25
Coordinates of the centre of the circle are (],—3)

and the radius is 5 units

50D ) Gradientof cp =123 <2
4-1 3
Gradient of tangent at P =-3—
e i l
Equation of tangent at P is: } Alternatively, :
3 : Subx=4,y=—Tintoy=mx+c. |
y=~(-7)=7(x-4) | 7=3+c=>c=-10 !
3 I
! ionis y=>x— b
y=-§-x-10 ! Thus, equation is y 4x 10 l
4 e e
8(fii) | If PQ is the diameter, then C is the midpoint of PQO.
Therefore 4+_x=1 and T4y =-3
2 2
—>x=-2and y=1.
Thus coordinates of @ is (-2,1).

8(iv) | Let X be the centre of C,.If X lies on the circumference of C,,
then ZPX0=90°. But LPXQ=2/PRQ, thus ZPRO=45°.
Therefore, the centre of C, can lie on the circumference of C,.

0 J(2a+4—0)’ +(3a-2) =45
4a° +16a+16+9a" —12a + 4 =16(5)

132 +4a—-60=0
(l3a+30)(a~2)=0
u=-ﬂ or a=2
13
(refect > a>0)
Gradient of AD== 0—2 =—2_ Hence gradnmtofAB=E
.. Equation of 4B is: y=15x+2

Nii)) | Given C=(b, 0)
0+2 1
——==>b=6
b-2 2

iv)

Midpoint of 4B, M (4,4)
Equation of perpendicular bisector of 4B is: y—4=-2(x- 4)

D y=-2x+12
Subx=6, y=—2(6)+12=0
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As the point satisfies the equation, point C lies on the

perpendicular bisector.

9(v)

Area of trapezium ABCD= %

=%(36+16—(—12)—4)

=2(60)

=30 square units

0 2 680
2 =2 06 2

10
(a)
()

__[cos8 +sin8y
1+1an’ 8+ 2tan @

[cosB(l +1an 9):|2
(1+1an 0y
= cos’ @=RHS

LHS

Alternatively
_ cos’ & +sin? 8+ 2cosfsin &
sin’ &
cos’ 8

LHS

1+ 4 8in®

_cos’ @ +sin’ 8 +2c0s0sin
cos’ @ +sin’ 8+ 2sinOcos &
cos’d

.
I
I
I
1
i
|
|
cosf :
t
i
I
I
I
I
1
1

10

1
=2
@ | os? tané +4
(i) | sec’0=2tan@+4
tan’ 6 - 2tanf-3=0
(tan@ -3)(tanf+ 1) =0
tang =3 or tanf=-]
a =1.249 or a=2
4
8=125 439 o @= 37”, %{ {reject both ans)
10 | Area of shaded region, 4
(b)

ity

1
=5 (5 cosO)(5 sind) - %cos2 g

25 25,
= sinfcos@ — 7 cos’ 0

25 25 (cos20+1
=7 5in 26 — 3 [ 5 ]

_ 5051020 -25c0s20-25

B g
2?5{25in 29—c0529)—%.

Al

6
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Let 2sin 26 -c0s28 =rsin(20-a)

((3 cor=N2+P =45
tan ex =%:> o =26.5651°
422505 29 26.60)-25
8 8
Thus R = % and a =26.6°
10 _
(b) Maximum 4 = EJ% cm®
(i)
:i; -:]; 7(4x): (3x) + n(4xy h = 9607
167ch =960 -16x°1
h= %q —x (proven)
:_!) A=n(5x)(4x)+27(4x)h+7(4x)’ (slant height of cone = 5x)
ii
=207 + B _gm? 116707
x
_ 4807 #2877 (proven)
11 d4 480x
(iii) E = - x2 + 567x
— 4807 + 567x°
—
o8
7
x= @ =2.05cm (2.0465)
h=123em (12.28)
d*4  960x
i = = + 56
d’A4 960
— =————+567 >0
‘#2 x=2.046% (20465)3

A1s a minimum.
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2
Mathematical Formulae

1. ALGEBRA

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

_ —-bt b —dac

2a

X

Binomial Expansion

n_ _n n -1l n w232 n =ryr o, n
(a+b)" =a" + b+l @b +---4[ |a"™b +---4b",
1 2 r

n ___n(n—])...(n-r+])
ri(n-r) r!

- L - n
where » is a positive integer and [ ] =
’

2. TRIGONOMETRY
Identities
simAd+cos’A=1 ..
sec’ 4 =1+ tan” 4
cosec’ 4 =1+ cot> 4
sin{A + B) = sin 4 cos B+ cos 4 sin B
cos(d + B) = cos 4 cos B¥sin 4 sin B

tand +tan B

tan{A+ By= ——M
j¥tanAtan B
sin24=2sinAcos 4
cos 24 = cos’ 4 —sin” 4 =2cos’ 4 —1=1 ~2sin® A

2tan A

tan2A=——2-—
I—tan‘ A

Formulae for A4BC

a b c

sin 4 sinB  sin C

a = b+ —2bccos A

A=lbcsinA
2
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The acute angle A and obtuse angle B are such that tan 4 :% and 4cos{( A+ B)=3sin(A4—B).

Without using a calculator, find the exact value of cos B. [5]

()  Write down the first three terms in the expansion, in ascending powers of x, of (1+x)”,
where n 1s a positive integer greater than 2. [1]

(ii) The coefficient of x* in the expansion, in ascending powers of x, of (1+x)"(2 ~—3x)4,
where n 1s a positive integer greater than 2, 1s 456. Find the coefficient of x. [4]

The volume of a cube, ¥ cm’, is increasing at a constant rate of 5 em’ per second.
Find the volume of the cube at the instant when the length of the side of the cube, x cm, is

mcreasing at 0.5 cm per second. [51
3 _ 2
Given that 23_1_1? =a+ i);c_+_:; , where a, b and ¢ are integers.
X —X X —X
(i)  Find the value of a, of b and of c. [2]

2

(i)  Using the values of b and ¢ found n pant (i), express b—f-—i% as the sum of 3 partial
X —x

fractions. (4]

i

(0, - 8)

The diagram shows part of a straight line graph drawn to represent the cquation

Y+ i w SJ;, where k& is a constant. Given that the line passes through the point (0, — 8) and

Jx

makes an angle # with the x-axis at point R, where 0°< & < 90°, find

()  the value of k and of &, [4)
(i1)  the coordinates of K. [2]

[Turn over

(s
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F cot@+1
i Prove that cot(——-8) = .
6 O G =man B3]
(iiy Hence without using a calculator, show that cot % =2+43. {3]
7 YA

- C(S ’ 7)

A(-1,3) <]

W
£

o B

The diagram shows a tnangle 4ABC in which the coordinates of the points 4 and C are (-1, 3)
and (5, 7) respectively.

Given that 4B = BC,

(i)  find the coordinates of B.  ° [4]

D is a point on the perpendicular bisector of AC.

(1) Find the equation of BD. [3]
. d '
8 @ Showtha — [In(cos4x)] =-41an4x. 11
2, .
It is given that G _x_tandx and d ‘:, =ktan® 4x.
dx 2 8 dx
(i) Find the value of . [3]
(ili) Using the result in part (i), find y given that x =0 when y = 1. (3]

9 The equation of a curve is y = (k—7)x” —8x + k , where & is a constant.

()  Find the set of values of k for which the curve lies completely above the line y = 1. [5]

(i) Inthe case where & = 8, find the set of values of ¢ for which the line y = 2x — ¢ intersects
the curve at two distinct points. {3]
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11

12

o

X cm A

The diagram shows a rectangle QA PB inscribed in a quadrant of a circle of radius 5 cm.

The length of 04 is x cm.

(i)  Show that the area of the rectangle, 4 cm?, is given by A = x4/ 25— x". [2]
(ii)  Given that x can vary, find the value of x for which 4 has a stationary value. [4]
(iii) Determine whether this stationary value of 4 1s a maximum or a munimum. Hence find 2]
this value of 4.
The equation of a curve is y= ~ In(3—ax), where a is a constant.
(i)  Find the value of a if the gradient of the curve at y=—In 515 2. .- (4]
(ii)  Find the value of a if the normal to the curve at x = | 1s parallel to the line 2x—y = 5. [2]
(iii) In the case where @ = 4, find the coordinates of the point on the curve where the 5
cquation of the tangent to the curve is y = 4x — 2. 2]
(i)  Find the turning point of the curve y=x* — 4x. [2]
(ii}  Sketch the graph of y =[ x% - 4x l , indicating clearly the cocrdinates of the turning
point and of the points where the graph meets the x-axis. [3]
(iii} Using your graph, find the number of solutions of the equation l xt —4x ] =2—-mx

when

(b)

End of Paper

B |

[4]
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PLMGS (Secondary)

Additional Mathematics Preliminary Examination 2015
Secondary Four Express & Five Normal (Academic)
Additional Mathematics Paper 1 (4047/01) Worked Solutions

1. dcos(A+ B)=3sin(4— B)
4( cosAcos B — sin Asin B = 3(sinAcos B — cos Asin B)
2 1 1 2
A{—=)cosB—-4(—=)sinB= 3(—=)}cos B-3(—=)sin B
5 " N NG

S5cosB=-2sinAB

tanBz—é
2
cos B = ———
J29
L0
29

OR

4cos(A+ By=3sin(4A - B)
4( cos Acos B — sin Asin B = 3( sinAcos B —cos Asin B)
dcosAcos B — 4sinAsmB  3sinAcos B — 3cos Asin B
cosAcos B B cosdcos B ‘

4 —4tan Atan B = 3 tan4 —3tan B

1 1
4 ~4(=)tan B =3(=) —3tan B
(5) )

tan B = —-5—
2
cosB=——
29
__2V»
29

;‘f?

1
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2 O4+x) =l 7D 2

261)  (2-3x)0 =(2)" + 42 (3x) + 6(2)(3%) + ...
=16 - 96x + 216x° +...

(1+x)"(2-3) =[1 + mx +r"—(n-2:—12x2 +..][16 —96x + 216x7 +..]

= —96x +16mx + (8% —104n + 216)x> + ...

Coefficient of x*: 822 ~104n + 216 =456
n -13n=-30=0
(n=15¥n+2) =0
n=135 or n=-2{N.A)

Coefficient of x = —96 + 16(15)

= 144
3 V=X’
ﬂx 3x?
dx
& _ar &
ar dy ds
S=3x*x 0.5
10
= —
3
Volume of cube = [ 1—30—]1
= 6.085806

=6.09 cm’ (3 s.f)
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. 2x° -1 bx? +ec
4.1 — g —
() x3__x2 xl_xz

2% -1 =ax’

—a?+ bx* + e
a=2

b=a=2

c= -1

o 2x*~-1 A4 B
4 (ii)y ——="—+—
) - x? x 2

C
+_
x x-1

2x? =1= Ax(x-1) +B(x-1) +Cx*

Letx =1, C=1
Letx =0, B=1

Coefficient of x*: A=1

2-1_1 1 1
x —x° x x2 x-1
5() yVx=5x—k
k=8
tangd =5
6 =78.7°
5.(ii) when yJx =0,
5x—8=0
8
x=—
5
3
R(1Z,0
(5 )

:43
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66)  cot(Z-0) - ]

T
tan(— -8
(4 )

]+tan£lan9
4

tanzr——ta.ne
4

1+ (Dtan@
1—tanf
! +1

— tané#

1

tan@
coté +1
cot?—1

6.Gi) cot = =cot(Z - %
(i1) " c0(4 6)

T
cot-— 41
6

cotz—l
6

——]—+I

4
tan—
6

1

S

rid
tan —

6
ﬁ+I_J§+]
V3-1 341

342434 ]
31

= 2+43
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7.G) Let Bbe (k, 0)
AB=BC

JUE+1y (237 = J(k -5 + (-7
2+ 2k+10=k— 10k+ 74

p= 18
3
B(51 . 0)
3 »
7.i) Gradient of AC= L3
541
-2
3
3

Gradient of BD = —5

Equationof BDis y—-0= —%(I - !}?)

3
=—=—x+8
4 2

2y=-3x+16
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. d 1 .
8.(i) a[1n(m:>_s4x)] =~ (4sindx)

=--4tandx
8.(ii) d’y 1 L (4sec? 4x)
. — === x
& 2 8
-l it an
2 2
1. 5
= ——tan’ 4x
2
.
2

8.(iii) j— 4tan4x dx = In(cos4x) + C

_ x tandx
r=] [5_ 8 ]dx
= lxz+1--I-J—4tan4xdx
4 8 4

1 5, 1
= —x" +-—In(cos4x) + C
d 4 32 (cos4x)

Whenx=0,y=1,

1

iln(oos{)) +C
32

C=1
= lJr?+—]—ln((:os4 ) +1
VU ¢

6
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9.() (k-7x*—8x+k=1
(k—T)x? —8x+(k-1)=0

b —4dac <0

(-8 —4(k - Tk -1 <0
64— 4k2 -8k +7) <0
64 — 4k? +32k—28 <0
4k? ~32k -36>0

k2 —8k~9> 0

(k- 9k +H>0

k <—1 OR k>9

And k—7>10
k>1

Since k >7 AND £>9 .. k>9

9 Gi) y=x? —8x+8
x?—8x+8 =2x—c¢

xP—10x+8+4c=0

b2~ 4ac>0
(—10y —4(H(8 +¢)> 0
c <17

tRD
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10.()) AP* = 5% —x?

AP = 1,']25“362 cm

A= OAx AP

A=x425-x’

| 1
10.(if) %ﬁ- = x -%(25 — x?y 2(=2x) + (25 — x1)2 ()

23
= (25— x") ?[-x* +25 - x?]

_25-2x°
25 - x?
For stationary value of A4, % =0
25-2x"
J25 -1
25-2x*=0
25
x= =2
2
_ s 2
V2 V2
2
10.(in) For r<i—- a >0
dx
Forx>i a4 <9

_ 5v2 o dd : - _
As x increases through B3 the sign of . changes from positive 1o negative,
Stationary value of 4 is a maximum.

sf (5\@ Jl

Stationary value of 4 = —— )

= ]21
2
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11.(1) y=—-I(3-ax)
dy _ «a
dx 3-ax

Wheny=—In5, —In(3-ax)} = —In5
3—-ax =5

11.(ii) y=2x~5

Atx=1, Gradient of normal= — 3-all)

11.Gi)) whena=4, 2 -
dx

|-
Coordinates of point = ( 2 0)
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12.(0)

12.(i1)

y=x(x - 4)
For x-intercepts, y = 0,
x=0orx=4

For minimum y, when x = —©
=2
y =22 - 4Q2)
= -4
Turmning point = (2, — 4)
y A
y:| x? - 4x|
(2,4)
0
Shape

Turning point
x-intercepts

12.(i11) (a) y=2+42x

2 solutions

12.6ii) (b)  y=2--x

3 solutions
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You may use a HB pencil for any diagrams or graphs.
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Answer all the questions.
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Give non-exact numerical answers cormect to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different level of accuracy is specified in the question.
The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.

The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paperis 100.

HAND IN QUESTIONS 1 TO 9 SEPARATELY FROM QUESTIONS 10 TO 11.

My Target is:

This paper consists of 8 pages.
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2
Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation a’+bx+ec= 0,

_—b+Vb - dac

a 2a

Binomial Expansion .

(a+d)' =a” +(n)a""'b+[n]a"'zbz +...+("Jaﬂ-rbr Fedb”,
1 2 r

t - -
where n is a positive integer and ] [ nln 1)' - .(n 4 +l)
r} ri(n—-r) r!

2. TRIGONOMETRY

Identities
sinf A+cos’4=1
sec’4=1+tan’ 4
cosec’ A=1+cot’ 4
sin{A + B)y=sin 4 cos Bt cos 4 sin B
cos{At B)y=cosdcos BFsinAdsinB

+
tan(4 + By = ‘A ttan 8
1¥tan Atan B
sm24=2sinAcos A4
cos24=cos’ A—sin° A=2cos A —~1=1-2sin* 4

21an A4

tan24=—"———
I-tan" 4

Formulae for AABC
a b ¢
sin 4 sin B simnC

@ = b +c—2bccos A

A= besin 4
2
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In the cubic polynomial f(x), the coefficient of x> is a, where 0<a<1.

(1) Given that the repeated root of the equation f(x)= 0 is 1, write down an expression
for f{x). [2]

(i) Find the value of g if f{x) has a remainder of 1 when divided by x and f{x) has a
remainder of —8 when divided by x +3. [4]

A triangle ABC in which AB = AC has its base BC of length (4J_ - —-6'—) cm.

V3
()  Inthe case where the area of the triangle is (3J2_’ -243 ) cm?, find, without using a
calculator, the length of the height of the triangle in the form (ﬂ-l-b‘\/g) cm. i4]
(ii) Inthe case where angle BAC is a right angle, find, without using a calculator, the
square of the length of 4B in the form (c +d\/g) cm’. (3]
(a) Giventhat In( pzq) =a and In(pg®)=>h, express pq in terms of 2 and 5. [2]
{b) Solve the equation log;(2x+1)+log, 3=loge(x— 2 - log;(x—1). [5]

3

A quadratic equation has roots « and 3, where a < 8.

(# Giventhat aff=~ -% and a? + ﬂz = 5-;- , without solving for ¢ and #, find the

valueof a— 3. (2]
. 3 3 7
(i) Showthat a” —f =—]l§. [2]
a’ -1 1- 82
(i) Find the quadratic equation whose roots are and . (4]
; a
153
[Turn over
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4
A circle, centre C, has a diameter 4B where 4 is the point (-3, 2) and B is the point (5, 8).

(i)  Find the coordinates of C and the radius of the circle. 4]

(i) Find the equation of the circle. (1]
(iii) Show that the equation of the tangent to the circle at Bis 3y +4x =44, [3]
(iv} The highest point on the circle is D. Find the coordinates of the point at which the
tangents to the circle at B and D intersect. {2}
Regomeemmnmnn m__ .
Sm
(T o
&
3m
P -

The diagram shows a rod PQ which is hinged at P, and a rod OR, which is hinged at Q.

The rods can only move in the vertical plane as shown. The rod PO can tum about P and is
inclined at an angle & to the vertical, where 0° <& <90°. The rod QR can turn about 0 in

such a way that its inclination to the honzontal is also &. The lengths of PQ and OR are

3 m and 5 m respectively.

Given that R is x m from the vertical axis,

(i)  find the values of the integers a and b for which x =acos@ + bsin@. [2]
Using the values of a and b found in part (i),

(ii) expressx in the form Rcos(@—a), where R >0 and 0°<a <90°. (4]

(iii) Hence state the maximum valve of x and find the corresponding value of & . 3]

(iv) Deduce, with explanation, the value of x when the rod PQ is inclined at 90° to the
vertical and the rod QR is inclined at 90° to the horizontal. 2]
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A curve is such that % =203x-2)}x-3).

(i)  Given that the curve passes through the point (0, 9}, find the equation of the curve. [2]

(if) Thepoint (p, g) where p and g are integers, is a stationary point on the curve.
Find the value of p and of g. 3]

(iii) Determine whether y is increasing or decreasi_ng

(a) for values of x slightly less than p, (1}
(b) for values of x slightly more than p. 1]
{iv) What do the results of pant (iii} imply about the statiopary point (p, g} ? [1]

2
(¥)  Find the value of :x—J; at the stationary point (p, g) and explain how this value

supports the conclusion that you have made in part (iv). [2]

A particle travelling along a straight line is such that its displacement, s m, from a fixed

point O on the line is given by s=1> — 61 + 91 + 18, where ¢ seconds is the time afier

motion has begun.

()  Find the imtial displacement of the particle from the fixed point O. 1]

(if)  Find the values of ¢ for which the particle is instantaneously at rest. Show that the

particle retums to its starting position at one of the two instances of rest. 4]
(iii) Find the total distance travelled by the particle during the first 4 seconds. [3]
(iv) Find the minimum velocity of the particle. (3]

Y33

|Turn over
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(i)  On the same axes, sketch the graphs of y=2sinr+2 and y =%sin% +2 for
0<r<dr. [4]

(iiy It is observed that the height, y m, above sea-level, reached by ocean waves on two
particular days during a time interval of 47 minutes can be modelled by
trigonometric functions. The function y =2sinf +2 models the height of waves on

Day 1, and the function y = %sin% + 2 models the height of waves on Day 2.

With reference to the graphs that you have sketched in part (i),

(a) state the number of instances when the waves on the two days reached the
same height during the time interval 0 <t < 4x. Justify your answer. (2]

{b) Which of the two days would have provided surfers with a more thrillimg
experience of riding the waves at sea? Explain your answer. [3]
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Begin your answer to Question 10 on a fresh sheet of writing paper.

10

E G

In the diagram, 4, B, C and D are points on the circumference of the circle with centre O.
EDFG is a tangent to the circle at D.

Given that AB = BG and DF = FG , prove that

(i} ABD is an isosceles triangle, [3]
() DB*-DF?= %ADz , 21
(iii} triangle ADF is similar to tnangle DCF, [2}
(ivy GF?=AFxCF. [2)
155
{Turn over
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11 (a) Showthat E—(
dx

x Jz 3x—4
\/31'—2 2\/(3:(__2)3 [3]

(b)

_ 8(3x—-4)

The diagram shows part of the curve y =

Jox-2)8

The curve intersects the x-axis at the point 4. The line through 4 with gradient 3

intersects the curve again at the point B. The line BC is parallel to the x-axis.

-

(i)  Venfy that the y-coordinate of B is 2. [5]

(i) Determine the area of the shaded region bounded by the curve, the x-axis, the
y-axis and the line BC. [4]

End of Paper
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Paya Lebar Methodist Girls' School (Secondary) Mathematics Department

2015 Preliminary Examination
Additional Mathematics 4047/2

Worked Solutions
Qn | Working Marks Total Remarks
1 [ @) f(x) = (ax+k)x—1)* where kis a constant Accept

21 | f(x) = (@ -k)(x-1)?

where k is a constant

(ii) By the Remainder Theorem,

f(0) = 1
k(=12 =1
k=1
By the Remainder Theorem,
f(-3) = -8
(-3a+1){-4)* = -8
-3a+l1= .
2
3a= E Y
2
1
a= -
2
[4)
(6 m)

154
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Paya Lebar Methodist Girls’ School (Secondary)

Mathematics Department
Qn | Working Marks | Total Remarks
Alternative Solution:
1 |G f(x) = a(x+k)x-1)* where k is a constant
2]
(ii) f(0) =1
a(ky(~1)* = 1
ak =1 coeeeeeee (1)
Gii) f(-3) =-8
a(-3+k)-4)* = -8
a(-3+k)= - @
2
Subst. k =l into (2):
a
a {-—3+1J= 1
> a 2
1
-3a+1= —-=
2
3a= 3
2
1
a= —
2
[4]
{6 m)
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Paya Lebar Methodist Girls’ School (Secondary)

Mathematics Department

On

Working

Marks Total

Remarks

(i) Let the height of the triangle be 2 cm.

%(4\/__—\%—](31) NN

[QJ_—%}(h) =32-243

(272 —3)(h) = W2 -243
_32-243
T 23
C3W2-23 22443

h

NN RPN I
12+3J6 -4/6 -6
(272 - (43

_6-+6

T 8-3

=0 1g
55

. Height of triangle = g—% 6 cm

(i) By the Pythagoras Theorem,
AB? + AC? = BC?
ABY+ AB® = BC? (. AC=AB)
2AB? = BC?

2
AB? = l(mﬁ - i}
2 V3

-]

2022 - J3)?
= 2(8-446 +3)
= 2(11-46)

= 22-8J6 cm®

I

(4]

[3]

{7 m)

Hi ;

o b e b
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Paya Lebar Methodist Girls’ School (Secondary) Mathematics Deparimem

Qn | Working | Marks | Total Remarks

2 | Alternative Solution:

(ii) In n-4d AABC,

sinzacB=28
BC
Siﬂ45°=-—J—_iB—g-
42 - 2.
J3
1
AB= ——x(4J2-243
7 ( );
= 4-—-\[6
AB? = (4-J6)?
= 16—2(4)(/6) +6
= 22-8J6 cm?
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Pava Lebar Methodist Girls' School (Secondary} Mathematics Department

Qn | Working Marks Total Remarks
3 [(a) I(p2q) = a ~-=-annmmv (1)
I B l — (2)

(D+@:  In(p’g)+In(pg’) = a+b
]n(p3q3) =a+b
ln(pq)3 =a+b
3n(pg) = a+h

a+b
In = —
(pg) 3
arh
pg=¢?

[2]

Alternative Solution:

]n(pzq) = a = pig=¢"

]n(pqz) =b = pq2 =’

(P°g) pgt)=e" xe

b
a+b

pg =€ ?

(58 s
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Paya Lebar Methodist Girls® School (Secondary)

Mathematics Department

On | Working

Marks Total Remarks

3 | () log;(2x+1)+log; 3 = logg(x—2)* ~logy(x—1)
3

logs3 _ Jogy(x-2)*

1083% log; 9

logs(2x+1) + ~logs(x-1)

logs(2x+1)—logz 3 = logs(x— 2)2 - logs(x~1)

2x+1 ~2)?
1033( x3+ ]= 1083[(11_1) ]

2x+1 _ (x-2)%
3 x-1

Cx+D(x=1) = 3(x-2)*
2x* ~x-1= 3x’-4x+4)

2-11x+13=0

o =~ -4ma3)
2

R IEYT)
2

x =135 or
{reject, as x>2)

9.65 (103 s.f.)

Sox =965

[51

(7 m)
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(§-0)-(g-20)
go _
F-g+o-20
: o _» [rd
(§-Dg+(- o0 zg’—l+l—zv
2 -——L{ 11000 MaN (i)
F-1 -2
[2]
8- =
Al
():216)-
I 1z \s J
[go+(, g+ 0))Ng-0) =
(F +eo+ o)g-0) = g- 20 (W)
[Z]
(0>g-2 =) g-=g—n
y_
ST
(z_] _r
LT
got-(§+ 20)=
& +goT- o= (g -0)
¥
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Paya Lebar Methodist Girls' Schoo) (Secondary) Mathemalics Department

Qn | Working Marks Total Remarks
4 |@© ?-1f1-42)  a?-a?p -1+ B
B a ) af
_ (@ - (apy -1
af

-. The required quadratic equation is x2— ? x—8=0.

[4]

{8 m}
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Paya Lebar Methodist Girls” School (Secondary)

Maithematics Department

Working

Marks Total Remarks

)

Diameter of circle is AB
where A=(-3,2) and B=(5,8)

r

2 2
= (1,3)

Centre of circle, C = [_3+5 ﬂ}

Radius of circle =

%J [5—(-3)F +(8—2)
= %,/64+36

]
= 00

It

5 units

Alternatively,

Radius of circle = (5—1)% + (8- 5)?

= 5 units

(i) Equation of the cirde is (x—1)? +(y—5)*> =5
ie. x2+y*-2x-10y+1=0

1

(iii)' Gradiem of AB

4
- Gradient of the tangent at B = ——

Equation of the tangent to the circle at B is given by
4
-8 =-—(x-5)
? 3

Hy—8) = ~-4(x-5)
3y-24 = -4x+20
3y+4x=44

(4]

[1]

[3]

16 9
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Paya Lebar Methodist Girls” School {Secondary) Maihematics Department

Qn | Working Marks Total Remarks

5 | {(iv} Highest point on the circle is D =(1,10)
Equation of the 1angent at Dis y =10 .

At the point of intersection of the tangents,

1Y +4x = 44
4x = 14

X = 3_1_

2

.. The tangenis intersect at the point {3% ]0}
[2}

(10 m)
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Paya Lebar Methodist Girls® School {Secondary) Mathematics Department

Qn | Working Marks Total Remarks
6
R m_
L
5m
O T Q .
s 07
g
3m
P
i Inn-2d APQOT,
sin @ = o1
3
OT =3siné

In ri~2d AQRS,
0s

cos==—
5

05 =5cos @

~ax=08+0T
=5cos@+3sind
=acos@+bsind

a=5 and b=3
[2]

(i} x=5cos@+3sind _
= Rcos(f—-a) where R>0 and 0° < o < 90Q°

R=+5"+3
=34
=583 (103sf)

3
tangr = —
5

@ =30.96°
@ =31.0°

Accept
. x=5.83cos(f - 31.0°) x = /34 cos(8 - 31.0°)

[4]

($1 1
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Paya Lebar Methodist Girls’ School (Secondary) Mathematics Department

Qn | Working ~ Marks Total Remarks

6 | (iii) Maximum value of x= NEY)
=583

Maximum value is attained when
cos(8-30.96)=1
where —~30.96° < 8-—30.96° £ 59.04°
8-3096°=0°
4=3096°
‘8=310°
I3}

(iv) When 2=90°,
x=5c0590° + 35in 90°
=5(0)+3(1)
=3
[2]

Alternatively,
When #=90°,

x = /34 cos(90° - 30.96°)
=+/34 c0s59.04°
= 3.00

[2]

{t1 m)

12
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Qn | Working Marks Total Remarks

7 | (i) :—E=2(3x—2){x—3)

=2(3x> = 11x+6) .

y:.[2(3xz ~11x+6)dx

2
=2[x3~”Tx+6x]+C

=2x—11x? +12x+C
Since the curve passes through the point (0, 9),
9=0+C
C=9

~oy=2x-11x2 +12x+9

[2]
(ii) At stationary points gl =
yp ' dx
2(3x—2Xx-3)=0
X = 2 or x=3
Since pis an integer, p=3
When x=3, y=2037 113 +12(3)+9
=54-99+36+9
=0
. q — 0
[3]

1£2
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Qn | Working Marks Total Remarks

7 | (i} (a) For values of x slightly less than p,

let x=29
El1—2[3(2 9)—2:](2 9-3)
" . :
<0
-, yis decreasing for x=p~ (1]

{b) For values of x slightly greater than p,
let x=3.1

Y - _
- =2[33.D-2)3.1-3)

>0
-. yisincreasing for x=p* [1]
(iv)
Value of x p- P p*
Sign of & - 0 +
dx
Slope | -
-, The stationary peint (3, 0) is a minimum point 1]

2
) d—;’=2[3(x—3)+(3x—2)]
dx

=2{6x—11
dzv
When x =3, g‘z=2[6(3)—l]]
= 2(7)
=14
2

Since %;- >0 at x=3. this supports the

conclusion made in part (iv) that (3.0} isa
minimum point

{2}
{10 m)
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On { Working Marks Total Remarks

8 | (i) Displacement, s=13-62+91+18
When 1=0, =18 .

~. The initial displacement of the particle from O is
18 m il

(it) Velocity, v= ﬁ
dt

=32 12149

When the particle is instantaneously at rest,

v=0
%2 —1214+9=0
12 —41+3=0
-Dr-3=90
r=1 or =3
When t=3,
s=(3-6(3)°+9(3)+18
=18

~. The particle will return to its starting position

when 1=3
[4]
(iiif) When 1=0, 5=18
When r=1, s=1-6+9+18
=22
When 1 =3, s=18
When 1=4, s=(4)’-6(4)" +9(4)+18
=22
. The total distance travelled by the particle
during the first 4 seconds
=3x4
=12m
[3]

1h> 15
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On | Working Marks Total Remarks
8 | (iv) For stationary value of velocity,
dv_q
9 dr
6bi—=12=0
1—-2=0
r=2
g2
S 2=6 (>0)
dt
= vis minimurn when =2
Minimum velocity = 3{2)2 -12(2)+9
=-3 mfs
(3
{11 m)
16
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Qn | Working Marks Total Remarks

9 |

i 10255 1 D5a 015k & | T135% 5% (19551 2%l 134551 254 (395 % T35 Bin it A

(i) (a) Inthe interval 0<r<4x, the two graphs have
3 points of intersection, showing that there
were 3 instances when the waves on the two
days reached the same height.

[2]

(b) Day 1 would have provided surfers with a
more thrlling expenence of riding the waves
al sea.

Period of the waves in Day 1 is half of the
period of the waves in Day 2, showing that
for Day 1 there is an additional cycle between
ihe greatest height and the least height of the
waves within the same time nterval.

In addition, the amplitude of the waves in
Day 1 is greater than the amplitude of the
waves in Day 2. showing that the rise and
drop in height of the waves in Day 1 is
greater.

£3]
(9 m)

féq- 17
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Working

Total

Marks

Qn
10

E

(i) £ZADG =90° (tan 1L rad)
OB/ DG (Midpoint Theorem)
ZAOB = ZADG =90° (comr. Zs, OB/IDG)

Since OB is the perpendicular bisector of AD,

AB=DB
= ABD is an isosceles triangle

(ii) In n—Zd AADG,
AG? - DG? = AD? (Pythagoras Theorem)

A(AB? - DF%)= AD?
4DB? - DF*)=AD? (from (i), AB=DB)

. DB? - DF? =%AD2

(iii) In AADF and ADCF ,
ZDAF = Z/CDF (Tangent-Chord Theorem)

ZAFD = ZDFC (Common angle)
.. AADF issimilarto ADCF .

(Two pairs of corresponding angles are equal)

(iv) Since AADF and ADCF are similar,
DF _AF
CF DF
DF? = AFxCF

- GF? = AFXCF (given, GF = DF)

(2AB)? —(2DF)? = AD? (given AB=BG and DF = FG)

(3]

(2]

[2]

{2] (8 m)

18
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Qn | Working Marks Total Remarks

| @ 5"—(~x—)
dx | J3x=-2

-

i 1
(33\'*2)2(1)-—1.%(3x-—2) 2¢3)

(V3x—2)

1
%(31—2) 22(3x=2)-3x]

Ix-2

6x-4-3x
3
2(3x—2)2

_ Ax—4

- 2J(3x -2

(3]

L5
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On | Working Marks Fotal Remarks

11 | (b) () AtA, y=0,
8(3x—-4) _

J(3x-2)}

3x—4=0

0

4
xX=—
3

Equation of the line AB is given by

4
—0=3| x-2
Y (" 3]

y=3x-4

At the points of intersection of the curve and the line AB,
BCx-4) 44

(3x-2)}

8(3x—4)

J3x-2)°
(3x—4) 8  _l=0
(3x-2)°

3x—4=0 or L—l
Jer—2)?

=0
8
=8

—(3x~4)=0

JG3x-2)
\!(Bx -2y

(3x-2)° =64
3x-2=4
x=2

AtB, x=2.

When x=2, ¥y=3(2)-4
y=2

*. The y-coordinate of Bis 2.

(5]

20
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Qn | Working Marks Total Remarks
11 y
£(0,2) y=-232-4)
: ;;(3;:-2)3
2,0) "
{b) (ii) Area of the shaded region
2
8(3x—4)
i} = (2)(2) - L dx
3
3 ;}(3::—2)
=4 16-[2 Gx=4 _ 4
=4-16| ————
3 2J3x-2)
r 2
=4 -16]———
_\!3.1'—2]‘_‘
4
_ 2 3
=4-16 -
J¥2)-2 [4)_2
] 3
[ 4
=4 -16|1--—
i 3«/5]
~ 3.0849
= 3.08 sq.units {to 3 s.f.)
[4}
(12 m)
4L 21
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SECONDARY FOUR EXPRESS
PRELIMINARY EXAMINATIONS

Name: ( ) Class: Sec
ADDITIONAL MATHEMATICS 4047/01
Paper 1 Wednesday 19 August 2015

2 hour

Additional materials:  Answer paper (8 sheels)

READ THESE INSTRUCTIONS FIRST

. Write your name, class and index number on all the work you hand in.
Wirite in dark blue or black pen on both sides of the paper.
You may use a pencil for any diagrams or graphs.
Do not use staples, paper clips, highlighters, glue or correction fluid.

Answer all the questions.

it working is needed for any question it must be shown with the answer.

Omission of essential working will result in Joss of marks.

Calculators should be used where appropriate.

If the degree of accuracy is not specified in the question, and if the answer is not exact, give the
answer to three significant figures. Give answers in degrees to one decimal place.

For i, use either your calculator value or 3.142, unless the question requires the answer in terms of
.
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2

Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax” +bx+c¢=0,
_—bx \/_E;z ~4ac .
2a -
Binomial Theorem
n R n
(a+b)"=a" + ( I )a""'b + (2}9"_252 F o +( )a"_’b’ +...+b"
r
n ! — —
where n is a positive integer and|  |= & = rp=1).....n=r + 1).
r (n - r)r! rl

2. TRIGONOMETRY

Identities
sin’ A+cos? A=1
sec’ 4=1+1tan’ A
cosec’ A=1+cot’ 4
sin(4 + B) = sin 4 cos B+ cos 4sin B
cos(4+ B) =cosAcos B+sm Asin B
tan 4 +tan B

1+ tan Atan B
sin2A4=2sin Acos A

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

tan({4 + B)z

2tan A
tan2A4= - an 5
1-tan” A4
Formulae for AABC
a b c

sind sinB sinC
a’ =b* +¢?2bccos A4

1 )
A==k
> csin A
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3

Answer all the questions.

The acute angles 4 and B are such that sin{4+ B)=0 and sinB = % .

Without using a calculator, find the exact value of tan 4. [3]

It is given that y = 2x ;6 , Where both x and y are positive and vary with time.
[
Find the value of y when the rate of increase of y is twice the rate of decrease of x. [4]
+1 . . :
Express in partial fractions. [4]

(x+2)(x* +4)

(i Find the range of values of k for which the line y = x—k intersects the curve
y= kx(x + 3) at two distinct points. {4]
(i)  Hence or otherwise, find the range of values of k for which kx{x+3)> x—k forall

real values of x. (2]

Given that the first two non-zero terms of the expansion of (] —kx{] + -;EJ are 1 and —%x’ ,

where n is a positive integer, find the value of k and of n. [6]

2 .
. cos“ x—smm x l—tanx
(i) Prove that =

(3]

1+2sinxcosx l+tanx

2 s 2
. . . - 2
(ii)  Find all the angles between 0° and 360° which satisfy 208 xTom X x M Y Zinx. [3]
1+2sinxcosx 3

Htis given that f(x) is such that f'(x)=sin2x + cos3x.

Given also that f(%} =0, show that f*(x)+ 9f(x)= ~%—§cos 2x. [6]

1 £8

Need a home tutor? Visit us at www.championtutor.com



10

11

4

Variables x and y are connected by the equation y =10*"", where n and k are constants.
When a graph of lgy is plotted against x, a straight line passing through the points Q, 2) and
(4, - 7) is obtained.

Find
) the value of n and of %, ¢ [4]
@)  the coordinates of the point on the line at which y=10". (3]

The tangent to the curve y = xIn3x at point P(1,1n 3) cuts the x-axis at Q.
i) Find the angle that PQ makes with the x-axis. (51
The normal to the curve y =xIn3x at R is parallel to the line y =5-2x.

(i)  Find the x-coordinate of R. [31

The diagram shows a rectangular poster of area 825 em’ with side margins of 2 cm and top
and bottom margins of 1.5 cm. The length and breadth of the printing area are x cm and

y cm respectively.

A
v 1.5cm
<> ycm <>
2cm 2 cm
v
Y
y 15 em
(i) Show that the panting area, A cm2, is given by A= 825; -3x. [3}
X+

(i)  Given thatx can vary, find the value of x for which the printing area is stationary. [4]

{(iii)  Explain why this value of x gives the poster the largest printing area possible. in
() Sketch the graph of y = ['?x - 2|, for —15x<2. [2]
(i)  Hence, find the range of values of x for which [14x-4|23x. [4]

(i)  Using your graph, determine the number of intersections of the line y = mx +¢ with
V= \?x -2|, justifying your answer in each of the following cases.

(a) m=-7 and ¢ > 2, (2]
(b)y m=7 and c<-2. (2]
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Solutions to this question by accurate drawing will not be accepted.

Y
'S

C(-2,6)

o A(5,0)

In the trapezium OABC, the point 4 has coordinates (5,0) and the point C has coordinates
(=2, 6). The sides OC and 4B are parallel, and BC is perpendicular to OC.

1 _1
(i) Show that the coordinates of B are [25 , 7 5) . (5]
(i)  OC s produced to D such that O4BD is a parallelogram.
Find the coordinates of D. (2]
(ili)  Find the equation of the perpendicular bisector of OC. [2]

(iv)  E 1s a pomnt which lies on the perpendicular bisector of OC such that the area of
quadrilateral OAEC is 15 units’. Given that the x-coordinate of E is positive, find the

coordinates of E. - (3]

END OF PAPER

149
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Preliminary Examination 2015 Solution

Additional Mathematics Paper 1 (80 marks)

tanA=—L

Level: Sec4E

V15
2 y=28
3 x+6 1
8(x* +4) 8(x+2)
# k < L or k>1
5
4“ 2 <k<l
5
5 5 =0, k=2
61 LHS = coszx.:—sinlx
1+ 2sinxcosx
_ (cosx —sin x)cosx +sin x)
* sin’ x +cos? x +2sin xcosx
B (cosx—sin xXcos x +sin x)
- (cosx+sinx)
B (cosx—sin x)
- (cosx +sinx)
Soex_Wns
_ Cosx cosx
RS on
COSX COSX
_I-tanx
l+tanx
= RHS (shown)
61 S x=26.6°108.4°,206.6°, 288.4°
7 £"(x)=sin2x +cos3x

f(x) = j(sin 2x+cos3x)dx

1
=——c052x+lsin3x+c
2 3

1o
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Preliminary Examination 2015 Solution Level: Sec4E

1 1
x)=——cos2x+—-sin3x——
f() 2 3 * 12

/"(x)=2ces2x—3sin3x

7(x)+97(x)=2cos2x-3sin3x + 9(——;-0032x+ %sin 3x- ]—]—ij
. 9 . 3
=20032x—351n3x—50052x+35m3x—1

3
=—- z cos2x (shown)
4 2

k=5

8ii

Coordinates are (1.25,1.25)

91

6 =64.5°

9ii

x=0.202

101

[x+@2x2)]x[y+(.5x2)]=825
(x+4)y+3)=825
825

+3=——
B x+4

B 825
x+4
825

A= -3
(x+4 }(x)
_ 825x

X+

=13

A

—3x (shown)

10i1

x=292 or -37.2 (N.A)

10 111

d’A _-2(3300)
dx’ (x+4)3
When x =292,
d*A_ -6600

dx*  (29.2+4)
=-0.181

2

Since

5 <0, this value of x gives the poster the largest printing area

dx
possible.

111

) 2.12)
(~1,9)

N
N

2
i

Y
-
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Preliminary Examination 2015 Solution

11§

xsi or x=—
17 11

Level: Sec4E

11 ia

1 intersection;

Line parallel to L.H. arm cuts R.H. arm at only one pointf

11
11ib

0 intersection;

Line parallel to R.H. arm; for intersection, ¢ > -2.

121

Mmyp = Moc

y=0 6

2
SR N s QPR |
yEoRea (2)

(ad | =

Sub (1) into (2): —3x+15=%x+6§

31.7(=8l
3 3

x=2l
2

Sub x = 2% mto (1): y=—3(2%)+15

1
=7—
¥ 2

Coordinates of B are (2 %, 7 %) (shown)

1211

D(—2l,?l]
2"

12 11

1 |
:—‘-}-3-—-
ik

121v

Possible coordinates of E are (0.8,3.6).
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Preliminary Examination 2015 Solution Level: Sec4E

Additional Mathematics Paper 1 (80 marks)

sin(4+B)=0
sin Acos B+cos Asin B =0 * M1: Addition

Formula
sin A(—\h——i) + cos A(l) =:()
4 4 M1: Find cos B

J]_SsinA+cosA=0

\/ﬁsinA =—cos A
sin 4 __L

cosAd Jﬁ

1
tand=-——=

V15

2 2x+16
y:
x—1
dy _ (x-1)2)-(2x+16)01)
dx (Jr—l)2
=2x—-2~2x-16
(x-1)’
= 18
(x_])z M1
dy_ _,dx
dt dt
dy _dy dx
dt  dx dt

Al

18, M1
(x=1)
(x-17 =9
x=1=33 .
x=4 or -2 (N.A) M1
When x=4,
2(4)+16
4-1]
Soy=8 Al

Lis
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Preliminary Examination 2015 Solution

x+1 A Bx+C
(x+2)(x* +4) (x+2) : (x* +4)
x+1=A(x* +4)+(Bx+C)x+2)
Sub x=-2: —2+1= d|(-2) +4]

Let

Level: Sec4E

M1

9k* —6k+1-4k* >0
S5k —6k+1>0
(5k-1)k-1)>0

k{l or k>1
5

-1=84
A:-é
) . 3 . M2
Comparing coefficients of x*: 0= 4+ B
p=1 |_Any 2 correct
8 1 mark
Sub x=0:1=44+2C
2C=I—4(-l}
8
C‘:é —
4
I 3
x+1 _ 1 +g”4
(x+2)(x* +4)  8(x+2) (x’+4)
__xt6 1]
8(x* +4) 8(x+2) Al
4 | kx(x+3)=x—-k
kr2+(3k—1)x+k=0 MI
2
(3;‘_1) -4(ff)(*’f)>0 MI: b? —4ac>0

M1: Factorise

Al

4| (k1) -4k Xk) <0
(5k-1fk-1)<0

l<;fr<l
5

MI: b —dac<0

Al
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Preliminary Examination 2015 Solution

18 3 3
Sub (1) into (2):
3k(Bk-1) 3k 7

18 3 3
9k? -3k —18k*+42=0
~9k*-3k+42=0
3k +k-14=0
(Bk+7)k-2)=0

k=~21 or k=2
3
1. 1
Sub k=-2— into (1): n=3(—2—-}
3 3
Sub k =2 into (1): n=3(2)

=6
“n=6,k=2

=l+—x+———2x? —hx——x
18 3
=1+[£—k}r+["("_l)—££ x? +
3 18 3

n=-7 (N.A) .. Reject k= —2%

Level: SecdE

Ml

M1

Ml

Ml

Al

Need a home tutor? Visit us at www.championtutor.com



Preliminary Examination 2015 Solution Level: Sec4E
1+ 2sinxcosx M1: Factorise
(cosx —sin x Ncos x +sin x)
=—— 5 : numerator
sm° x+cos” x+2sinxcosx
(cosx—sin x cos x +sin x) )
= : M1: Factorise
(cosx +sin x)z
_(cosx—sinx) denominator
(cosx+sinx)
cosx sin x
_ COSX COSx
cosx . sin x
COSX COSx Al: Divide by
l-tanx
— COSx
I+tanx
= RHS (shown)
6ii | cos?x—sin’x 2
— = Ttanx
I1+2sinxcosx 3
l-tanx 2tanx
l+tanx 3
3—3tanx=2tanx +2tan’ x
2tan’ x+Stanx—-3=0
(213nx—1)(tanx+3)=0 M1
1
tanx = —
2
Basic £ =26.565
x=20.565,180+26.565 M1 Find basic
OR angle (both
TR -3 correct)
Basic / =71.565
x=180-71.565,360-71.565
. x=26.6°108.4°206.6°, 288.4°
Al
7 _f'(x) =sin2x+cos3x
f(x)= I(sin 2x +cos 3x) dx
1 ’
=——cos2x+%5m3.\‘+c Ml
V.4 1 T | T
Sl = |=-=cos2| — |+=sin3[ = |[+¢
6 2 6 3 6

Need a home tutor? Visit us at www.championtutor.com



Preliminary Examination 2015 Solution Level: Sec4E
fx)= -~]—cos2x+lsin 3x~ 2.
2 3 12
£"(x)=2cos2x—3sin3x Ml
f"(x)+9f(x)= 2cos2x—35in3x+9{—lc032x+lsin3x———l—
2 3 12 )
- 9 - 3 M}
=2cos2x—3sin3x— Ec052x+3sm 3x—-—
3 5
=—=—~—=cos2x (shown
g ( ) Al
8i y= loi—n_r
Igy = (k —nx)lg10
lgy=—nx+k
_ 2=(=7) Ml
1-4
=-3
—n=-3
n=3 Al
At (1,2), 2=(-3)1)+c Mi
c=3
k=5 Al
8i1 —v — 105"3.!' _____ (] )
y=10" ----(2)
Sub (1) into (2): 10°7*" =10" M1
x=5-3x
4x=5
x=1 1
I !
Sub x=1- o (2): y=10"*
4 M1
y=17.783
lg y =1g17.783
=1.25
i ~. Coordinates are (1.25,1.25) Al
At
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Preliminary Examination 2015 Solution Level: Sec4E
dy
At P(1,1n3), == =1+1n3(1)
dx
=1+In3
At P(1,In3), y-In3=(1+In3)x-1) . Ml
y=(1+In3)x-1
When y=0, (1+In3)x=1
B 1
(l+ln3)
x=0477 Ml
Coordinates of Q are (0.477, 0)
In3-0
tanf = ——
1-0.477 bl
=2.0986
6 =64.5° Al
oii
- Gradient of normal = - :
1+In3x
|
I+In3x M
l1+In3x= :
In3x=- L
_l
Ix=e ? Mi
] -I
x=—e?
3
=0.202 Al
100 | [x+(2x2)]x[y +(1.5%2)]=825 Ml
(.1‘ + 4X1; + 3)= 825
y+3= 825
x+4
_ 825 M1
x+4
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Preliminary Examination 2015 Solution Level:

.

Sec 4E

X
printing area possible.

x+4 Al
4=225%_3; (shown)
x+4
10 | a4 (x+4)825)-(825x)1) 3
nodx (x+4) M1
N 3302__3
(Jr+4)2
3300
———-3=0
(x +4) M1
(x+4) =1100 M
x+4=+%J1100
x=29.2 or -37.2 (N.A) Al
10 1 274 —2(3300)
Mol da? (x+4)
When x=29.2,
d’A _ —-6600
x> (29.2+4)
=-0.181 B1: Show
2 d*A
Since -~ <0, this value of x gives the poster the largest dx? <0

1h

11
1

y (2,12)

r

(-1,9)

v
¢

2 \
2
7

B1: V-shape graph
B1: Correct x- and
y- intercepts and

end-points labelled

:]4_\'—4[ =3x

2!?.r - 2[ =3x

‘7.‘( - 2[ = 3 X
2

M]
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Preliminary Examination 2015 Solution

Level:

Sec 4E

5—x=2 8—x=2
= 8 i, MI
11 17
X< i or x= i
17 11 1 Al
11 | 1 intersection; Bl
nia | Line parallel to L.H. arm cuts R.H. arm at only one point. Bl
11 | O intersection; Bl
iib | Line parallel to R.H. arm; for intersection, ¢ > —2 . Bl
120 | m ,, = my,
y-0_6
x-5 =2 i
y=-3x+15 (1)
1
My =———
Moc
y-6_1
x+2 3 MI
1 2
=—x+6= --—--(2
=3 3 (2)
Sub (1) into (2): —3x+15=%x+6§ Mi
31.\'= 8-]—
3 3
X = 2-1—
2 ) M1
Sub x = 2l mto (1): _1-:—3[21}+15
2 2
V= 71
’ 2
Coordinates of B are {2%, ?-;—J Al
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Preliminary Examination 2015 Solution

Level: Sec4E

12

i Mideil’ﬁ of OC = [

2

=(-1, 3)

At (-1, 3), y-3 =-:l;(x+l)

1 1
=—x+3—
F=35 3

0+(-2) 0+6

Gradient of perpendicular bisector of OC = —

(-3)

Ml

Al

12 | g

v 5 =15

05 = -2 0
00 y 6 0‘
|Sy+6x—(-2y) =30
7y +6x]=30

Ty +6x=30 —en 1)
3y=x+10 ----- (3)

Sub (4) into (1):
7y+6(3y-10)=30
25y =90

y=3.6

Sub y=3.6 into (4):
x=3(3.6)-10
x=038

From(3): x=3y-10 ----- (4)

7y+6(3y-10)=-30 | Ml

25y =30
y=12

Sub y =12 into (4):
x=3(1.2)-10

x=-64

Possible coordinates of E are (0.8, 3.6).

MI

[NA]

A1l [with rejection]

H
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Preliminary Examination 2015 Solution

Additional Mathematics Paper 1 (80 marks)

1 | sin(4+B)=0
sin Acos B +cosAsmB =0

sin A(—E]+ cos A(lJ =0
4 4

\/ﬁsinA +cosA=0

JﬁsinA =-—cos A
sind 1

cosd Jl_s

lanA=*-l~

J15

Level: Sec4E

MI1: Addition s
Formula

MI1: Find cos B

Al

2 2x+16
y:

x—1

dy _(x=1)2)-(2x+16)1)

dx_ (x—‘l)2
_2x=2-2x-16
-y
___18
-1y

&y _ e

dt dt

dy _dy dx

dt dx dt
ZC'irxzﬂxﬂ

dt dx dt
b__,
dx

18

(x-1)
(x-1)7 =9
x=1=13
x=4 or -2 (N.A)
When x =4,
2(4)+16
Y Tao
“y=8§

Ml

Ml

Ml

Al

i
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Preliminary Examination 2015 Solution

Level:

Sec 4E

5 x+1 A +Bx+C
(x+2)(x* +4) (x+2) (x*+4)
x+1=A(x* +4)+(Bx+C)ex +2) M1
N cait il 2
Sub x=-2: —2+1=4|(-2) +4| _
~-1=84
.
8 M2.
Comparing coefficients of x*: 0= A+ B
p=1 |_Any 2 correct
8 1 mark
Sub x=0:1=44+2C
2C=l—4[—l)
8
s i
4
1 3
X
K _ 1 .8 4
(x+2)(x* +4)  8(x+2) (x’+4)
_ x+6 B 1 1
8(x?+4) 8(x+2)
4 | Jx(x+3)=x—k
o + 3k —1)x+k =0 MI
(3]‘“1)}_4(’!‘%&)}0 M1: % - 4ae >0
9k —6k+1-4k*>>0
Sk —6k+1>0 M1: Factorise
Sk—-1fk-1)>0
k<81 N
k<— or k>1
5
41 (3k—])2—4(ka)<0 MI: b* -4ac<0
(Sk=1)k-1)<0
i(.k*il Al
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Preliminary Examination 2015 Solution

n=3k -—-(1)
n(n-1) nk 7
18 3 3
Sub (1) into (2):
3k(Bk-1) 3k* 7
18 3 3

(2)

3
Ok? -3k -18k?+42=0
—9k? -3k+42=0
3k*+k-14=0
(BGk+7)k-2)=0

k

—21 or k=2
3

Sub z‘c=—2% mto (1): n=3(—2

Sub k=2 into (1): n=3(2)
=6
n=6,k=2

e n(n—])_n_k

18 3

1

)

n=-7 (N.A) .. Reject k =—2§

Level: Sec4E

]x’ +

M1
Ml

M1

MI

Al

118
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Preliminary Examination 2015 Solution Level: Sec4E

6i | cos’ x—sin’ x
S S e———————— )
1+2sinxcosx MI: Factorise
- (cosx—sin xXcosx +sin x)
= numerator

sin? x+cos’ x +2sin xcosx
(cosx—sin x)(cos x+sin x)

Y M1: Factorise
(cos X+ sin x)

(cosx—sin x) denominator
- (cosx +sin x)
cOSX Sinx
_ COSX  €OSX
cosS X i sin x
COSX COSX Al: Divide by
l—tanx
= Ccos x
l+tanx
= RHS (shown)
611 | cos’x—sin’x 2
— = —tanx
14+ 2sinxcosx 3
I-tanx 2tanx
1+tan x 3
3—3tanx=2tanx+2tan’ x
2tan’ x+Stanx-3=0
(2tanx—1)tanx+3)=0 M1

]
tanx = —
2

Basic £ = 26.565
x=26.565,180+26.565 M1: Find basic

OR angle (both

tanx = -3 correct)
Basic £ =71.565

x=180-71.565,360-71.565

. x=26.6°108.4°206.6° 288.4°
Al

7 | f'(x)=sin2x+cos3x
f(’f) = J(sin 2x+ cosBx) dx

1 1 .
=——cos2x+—sin3x+c M1
2 3

f[ﬂ—J = —lCOSZ(E)-FlSin 3(£)+c
6 2 6) 3 6
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Preliminary Examination 2015 Solution Level: Sec4E
lo{£1i+c ) G AR e et b YA
2 \3) 3 \2 M1
1(1 1 -
-——|=|+=U)+c=0
2(2) 3() ¢
— M1
12
1 | 1
=——cos2x+—-smn3x— —
i) == usta 12
f"(x)=2cos2x~3sin3x M1
g : 1 i . 1)
S"(x)+9f(x)=2cos2x~3sin3x+9| - —cos2x+ —sin3x— —
2 3 12 )
=20082x—35m3x~500521+3sm3x—Z
3 5
=————co0s2x (shown
1 5 ( ) Al
8 | y=10%"™
]gy=(k——nx)lg10
lgy=—nx+k
e 2=[7) M
1-4
=-3
-n=-3
Son=3 Al
At (1,2), 2=(-3)1)+c Mi
c=5
k=5 Al
8n y= 1 05—3.r _____ (1)
Pl e (2)
Sub (1) into (2): 107 =10" Mi
x=5-3x
4x=35
xEIl
4
] X
Sub x=1-1nto (2): y=10*
2 MI
y=17.783
lgy=1gl17.783
=125
. Coordinates are (1.25,1.25) Al
f’fT
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Preliminary Examination 2015 Solution Level: Sec4E
dy
At P(1,In3), == =1+1n3(1)
dx
=1+In3
At P(,In3), y=1In3=(1+1In3)x~-1) M1
y={1+m3x-1
When y=0, (1+In3)x=1
B 1
(1+1n3)
x=0477 Mi
Coordinates of Q are (0.477, 0)
In3-0
tanf=———
1-0.477 Mi
=2.0986
g =064.5° Al
it Gradient of normal = — :
I1+In3x
1
I1+In3x .
1+In3x= :
2
In3x= .
_1
Ir=e ? Ml
l _l
x=—e?
3
=0.202 Al
10i | [x+(@x2)Jx[y +(1.5%2)]=825 MI
(x+4)v+3)=825
i 825
x+4
= 825 3 M1
x+4
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Preliminary Examination 2015 Solution Level: Sec 4E

_ 825x

A

-3x (sBown)
x+4

10 | ad _ (x+4)825)-(825:)1)

ii dx (x+4)2 Mi
_ 3300 _3
(x+4)2
3300
—_—=3=0
(c+4) M
(x+4) =1100 M
x+4=1%1100
x=292 or -37.2 (N.A) Al

101 4’4 -2(3300)
Mol (x+4a)

When x=29.2,
d’4 _ -6600
dx*  (29.2+4)
=-0.181 Bl: Show
TR : d’4
Since W <0, this value of x gives the poster the largest e <0
b

printing area possible.

1 Y (2,12)
i BI: V-shape graph
(-1,9) BI: Correct x- and
y- intercepts and

end-points labelled

Y
-

~ N

1T 14x -4 =3«
i
2|7x - 2! =3x

MI
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Preliminary Examination 2015 Solution

Level:

Sec 4E

?x—2=%x or ?x—2=—%x M1
5—x=2 8—x=2
2
s . | Mi
11 17
4
X<— or xz2—
17 11 Al
11 | 1 intersection; Bl
iia | Line parallel to L.H. arm cuts R.H. arm at only one point. Bl
11 | O intersection; Bl
iiib | Line parallel to R.H. arm; for intersection, ¢ > -2. Bl
120 | m,, =m,.
y-0 6
= Ml
x=5 =2
y=-3x+15 - M
1
B =S
Moc
y-6_1
x+2 3 hAl
la'zl:r+6Z ————— (2)
3
Sub (1) into (2): -3x+15=%x+6§~ Mi
31Jr=81
3 3
r—2l
/ 2 MI
1. 1
Sub x=2— mto (1) y=—3(2—}+]5
2 2
y=?l
. 1 1
Coordinates of B are (25,75} Al
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Preliminary Examination 2015 Solution Level: Sec4E

12 C 0+(-2) 0+6
;i | Midpoint of OC=(——%——), T] M
=(-1,3)
Gradient of perpendicular bisector of OC = ~I1—3)
"
3
At (-1, 3), y—3=%(x+l)
1 1
=—x+3— Al
i e
'12 10 5 x -2 0 15
Vl200 0 y 6 0o Mi
|5y +6x—(-2y)=30
[7y +6x|=30
Ty+6x =30 --—-- (1) or Ty+6x=-30 —-- (2)
3y=x+10 ----- (3)
From (3): x=3y-10 -—--- (4)
Sub (4) into (1):
7y+6(3y-10)=30 7y+6(3y-10)=-30 | Ml
25y =90 - 25y =30
y=3.6 y=12
Sub y =3.6 nto (4): Sub y=1.2 nto (4):
x=3(3.6)-10 x=3(1.2)-10
x=0.28 x=-64 [N.A]
Possible coordinates of £ are (0.8, 3.6). Al [with rejection]

1 81
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax’ +bx+c=0,
-bx \[ b’ —4ac n
x= ;
2a

Binomial Theorem

fa+b) =a” + (n]a""bnt(nja”_zbz +... +(M]a"_rbr +.+b"
1 2 r
ny na n(n —]).......(n— r+1)
(n '

r - r)r! r!

where n is a positive integer and(

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{(A+ B)=cos Acos BFsin Asin B
tan A tan B
]¥tan Atan B
sm2A=2sin Acos A
cos2A=cos’ A—sin’ A=2cos’ A-1=1~2sin’ 4

tan(A4+ B)=

2tan A
tan 24 = ———
I—-tan” 4
Formulae for AABC
a b c

sin A N s:ﬁ sinC
al =b? +¢’-2bccos A4

Az%bcsinA
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Answer all the questions.

Section A (59 marks)

The diagram shows tnangles ABC and BCD whose vertices lic on the circumference of a

circle. The chords BD and AC intersect at £ and AC is parallel to FG. FG is a tangent to the

circle at B.
D
% £ > C
F B G
Show that
(i) ABCD 1s similar to ABEC, [2]
(ii) BC? = BDx BE, 1]
(i)  AABC 1s an isosceles triangle. [2]

A company buys an engine at a cost of $120 000. The value of the engine decreases with time

so that 1ts value, 3V, after 1 months is given by
¥ =120 000,

where & is a positive constant. The value of the engine is expected to be $75 000 after 30
months.

(i) Calculate the value, to the nearest $100, of the engine after 20 months. [4]
It is only economical to replace the engine after its value reaches 5 of its original value.

(ii)  Deternine, with working, whether it is economical to replace the engine afier 40

months. {2]

(a)  Ap equilateral triangle has sides (3 + \/f) cm 1n length. Find, without using a
calculator, the area of the equilateral triangle. [3]
(b) A cuboid of volume {30 +12+3 ) cm’ has a base arca of {4243 ) em?. Find, without

using a calculator, the height of the cuboid. [3]

3
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(a)  Solve the equation log,(2x—-1)— %}og3 (x* +2)=log, 5. [5]

(b)  Evaluate log,32xlog, p. [3}

1t is given that f(x)=2x" +ax’ +x+b.

@)  Find the value of a and of b for which 2x* + x — 1 is a factor of f{x). [4]

{(ii)  Solve the equation f{x)=0. [2]
. 1, a5, 1 :

(ili) Hence solve Zx +Zx +Ex+b=0' [2]

A curve has the equation y=(2x+ 2W2x -1,

d
(i) Show that Y. , where k is a constant and state the value of k. [4}
dr  J2x-1
@ii) Hence evaluate Ilj 3x dx [4]
i .
5 2W2x-1

The diagram below shows an experimental setup where a weighted spring is released from a
stretched position and follows a periodic up-down motion. The length of the spring, [ cm,
during the experiment is modelled by the equation, I =acoskt +16, where a, k are constants,

and ¢ is the time in seconds after releasing the weight from the Jowest position.

Highest position

Lowest position

The length of the spring is 20 cm when the weight is at its lowest position and it takes 2
seconds for the weight to move from the lowest to highest position.

() Find the value of a. 1]

(ii)  Show that the value of & is % {21

Need a home tutor? Visit us at www.championtutor.com
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5

(iif)  Find the length of the spring when the weight is at its highest position. 1]
(iv)  Sketch the graph of I =acoskt +16 for 0<t<4. {2]
(v)  Find the time interval which the length of the spring will be longer than 18 cm for

0<1<4. (3]

(a)  The equation of a curve is y = x’ +4x’ +kx+3, where k is a constant. Find the set of

values of & for which the curve is always an increasing function. {4
: _ b : .
(b) A curve with equation in the form y = ax+ — has a stationary point at (3, 4), where
. x

a and b are constants. Find the value of @ and of b. © 8]

Section B (41 marks)

Begin this section on a fresh sheet of paper.

The equation 3x’ +kx+3=0, where k>0 has roots a and f. A second equation
3x* -~ 2x+3=0 hasroots &’ 4 and aB’.

2

(i) Show that o’ + f° = 3 {3]
(ii) Find the value of k. {3}
(iii) Form an equation whose roots are o’ and f3°. {3]

The diagram shows part of the curve y =2sin(2x + 7) — 1, meeting the x-axis at the points 4

and B.
Y
A
X
B
() Find the x-coordinate of 4 and of B. [4}
(i)  Find the total area of the shaded regions. 8 'S [6]

Need a home tutor? Visit us at www.championtutor.com
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12

6

A particle, travelling in a straight line, passes a fixed point O on the line with a speed of

2 ms™. The acceleration, a ms™, of the particle, f s after passing O, 1s given by a=—4¢',

() Show that the particle comes instantaneously to rest when ¢ = —]nl . [4]
(i)  Find the total distance travelled by the particle between =0 and 1 =2 . [6]
(i)  Find the average velocity of the particle during the first 2 seconds. [1]

A circle, Cy, passing through the point 4 (4, 8) has the same centre as another circle C;. The
equation of C; 1s given by x* + 3* —16x-10y+5=0. _
(¥ Find the equation of C;. [3]

AR 1s a diameter of C;.
(i)  Find the coordimates of B. (2]

(iii)  Show that the equation of the tangent to C; at Bis 3y=4x—-42. 3]

The lowest point on the circle C, is D.

(iv)  Explain why the x-axis is a tangent to the circle at D. [1]
(v) Find the equation of another tangent to circle C; passing through the origin. (2]
END OF PAPER

Need a home tutor? Visit us at www.championtutor.com



Mid-Y ear Examination 2015 Solution Level: Secd4E

Additional Mathematics Paper 2 (100 marks)

|5

21 V =64124.098 -
It is not economical to replace the engine after 40 months as
the value of the engine has not reached half its original value
of $120000

3

8 Area of equilateral triangle = %(8«/3 +3421 ) cm’

3b Height of cuboid = 48+27+/3 cm

4a x=5 or x=-1 (rej)

4b
log,32xlog, p= li—
b=-2
a=>5

51
x=—orx=-] or x=-2

511 x=lorx=-2 or x=-4

61 k=6

611 13 3x

— ety =06
‘L 2v2x-1
71 a=4
Tii k= n
2
7i1i Length of string = 12 cm
T [/cm
20
y N[
L o
: > /s
@) 2 4

v S 2 |

Time interval =0<r<= or 3—-<1<4
3
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Mid-Y ear Examination 2015 Solution

Level:

Sec 4E

k> 51
3
8b b=12
8 -
a=—
9
9 > . g 2
a’+p ==
i 3
9ii
k =_4_J_€ (N.A.) or ﬂg—
3 3
9111
Equation: x’ —2-9—6x+1 =0
1o x coordinate of 4 = T—; , x coordinate of B = ‘_]'2£
10ii | Shaded area= 4.38 unit’
11i 1
t=-In—
1111 Total distance travelled=1.77m
11iii | Average velocity=-0.271m/s
121 Equation: (x—8)° +(y—5)" =25
12ii | Coordinates of B = (12, 2)
2
- Equation of tangent: y = i—g x
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Mid-Year Examination 2015 Solution Level: Sec 4E

Additional Mathematics Paper 2 (100 marks)

i ABDC ZCBG (ahemalc scgmem lhcorem) o
ZBCE = ZCBG (altemate angles, AC//FG)

£BDC = ZBCE MI

ZCBD = ZEBC (common angle)

Since the corresponding angles of the triangles are equal,
ABCD is similar to ABEC Al
I Since ABCD 1is similar to ABEC
BC _BE Bl
BD BC

BC’ = BDx BE

L1 £ZBDC = ZBCE (from (1)) ZCBG = ZACB (alt £)
ZBDC = ZBAC (£ insame seg) or ZCBG = ZBAC (alt seg) | M1
ZBCE = ZBAC ZACB = ZBAC Al
AABC is an isosceles triangle. AABC is isosceles.

2i 75000 =120 000e "+ Ml

1.5 Ml
n
After 20 months

1 5
V =120 oooe{'”]"*]“m MI
~ 87720.53215
= 87700 Al

2ii {ow)o

V =120000e * ** * Mi
= 64124.098

It 1s not economical to replace the engine after 40 months as

the value of the engine has not reached half its original value

of $120000 Al

3a Area of equilateral triangle

=1(3+J3)’ sin 60 Mi

(+6J—+?{ J -
: M

=2 (16v3+6v21)

(x[3+3x/§)cm3 Al

MI'-—

Ml-—- .hl—

186
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Mid-Y ear Examination 2015 Solution Level: Sec4E

3b | Height of cuboid
3041243 s
4-23
_30+12V3 4+2V3
4-23  4+243
_120+108V3+72 MY
16-12
=48+27Y3 cm : Al
4
! log,(2x—l)—%log3(.:c2 +2)=log, 5
1 , I
10g3(2x—])—510g3(x +2)=§ M1
2log, (2x—1)—log, (x* +2) =1
log,(2x—1)* —log,(x* +2) =1
(2x-1)?
ol M1
(x"+2)
2
(2x-1) -3 M1
(x*+2)
4x? —4x+1=3x" +6
X —4x-5=0
(x+1D)(x=5)=0 MI
x=5 or x=-1 (rej) Al
4b log, 32xlog, p
_log, 32 y log, p
log, p log,8 MI
log, 2°
= M1
log, 2°
=242 Al
3 3
5 2x? +x-1=(2x=1)fx+1)
(2x-1) and (x+1) are factors
r{1]=o
2
2(1J +u[lJ +{1J+b:0 M1
2 2 2
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l+la+1+b=0

4 4 2

a+4b=-3 ———(1)

f(-1)=0 B

2(=1) +a(=1} +(-1)+b=0 MI

-2+a-1+b=0

a+b=3 ---(2)

(1)-(2): 3b=-6 Mi1

b=-2

a=>5 Al
Sii f(x)=0

2x* +5x +x-2=0

(227 +x-1)fx+2)=0 Mi

(2x-1fx+1)x+2)=0
: x=% or x=-] or x=-2 Al
o LI L

4~ 4" 2

Let x=2y

Leyf +20yP +2 @) +b=0 v

4 Yy 4 ¥ 2 ¥y =

2y’ +ay’ + y+b

From (i1), yxé or y=—lor y=-2

x=]lorx=-2or x=-4 Al
6] L 1

dy 1 : :

:i:=(2x+2)[5(2x-—l) (2)]+(2x—l) (2) M1

= (2x-1) " {2x+2)+22x 1)) Mi

=(2x-1) " {6x)

— 6-x

2x -1 Al
k=6 Al
€F
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Mid-Y ear Examination 2015 Solution

(1
L

Level: Sec4E

13 6x 3
dx=|(2x+2)v2x—1
ot T’ MI
1 6 1 P Ml
= dx=—|2x+2)V2x -1
4"; Vv2x-1 4[ L
13 3x 1
— X dx=—|28)V25- (129 M1
=26
T 20=acosk(0)+16
a=4 Bl
i M1
1 £J£=4
k
b=t Al
2
Thii Length of string =20-8 = 12 cm Bl
Tiv ¥ e Bl — correct shape
B1 — correct values
>0
16 j) .................. :
12 |mmmmmmees
: >1/s
0 2
v

4cos£t+16: 18
2
T 1
cosS—1I=—
2

i
Basic angle = cos’ 5

’

SRR
I
W

27r—-?—r-
3

1
3

—
Il
w2
[9%]

2 1
']'imcinterval=051<; or 3;; <t1<4

M1

Al

Al
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Mid-Year Examination 2015 Solution

Sec 4E

Level:

dy_ 2 s
—=3x" +8x+k M1
For curve to be always increasing, % always > 0 M1
b* —4ac <0
64-4(3)(k) <0 M1
!
® o_ 2
dx_ x) Ml
At stat. pt. d—y=0
dx
2b
a—?=0
Sub x=3, y=4
2b
H=o =0 Mi
2b
a=— ---(1
= (1)
Sub x=3, y =4 to equation of curve
4=a(3)+—b2—
3 M1
36=27a+b ---(2)
Sub (1) to (2):
36=2b+b M1
b=12
o248
i 27 9 i
9 aff =1
5 3 2 M1 — either one
a p+af =3 correct
2
apla’ +ﬁ2):5 M1
(e +B?)=§
ot 4 gt =2 Al
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Mid-Y ear Examination 2015 Solution Level: Sec4E
(a+pB) =a’+p* +2ap
= 2.120) M1
3
_38
3
8
(a+;9)’=5 Ml
2J6 26
+f=——or -
3 3
k 2J6 246
——="—or —-———
2 3 3
k=—4—@ (N.A)) or i—@ Al
3 3
9ini SOR.=a*+p
:(a-+ﬁXa2—a'ﬁ+ﬁ’)
_(_2/6 z_,]
3 3 M1
_2J6
9
POR.=a’p’
=(ap)
=(1) =1 -
Equation: x - x+1=0
Al
101 2sin(2x+71)-1=0 MI
1
in(2x+7x)=—
sin(2x+ 1) 5
a=sin =l M1
2 6
T T T
2x+A=—, 7—-—, —+21, T——+2nx
' 6 6 6 M1
2 g Iz Uz
127 127 127 12
x coordinate of A = If . x coordinate of B = %r Al

Need a home tutor? Visit us at www.championtutor.com



Mid-Year Examination 2015 Solution

10ii

Shaded area
Tz Ix
— [ 2sin@x+ ) -1 dx+ [ 2 2sin@x + 7) -1 dx
12
77 ia
= |- cos@x + 7) - x](;? +[-cos@x + 7)— x| 2
2

=—[-2.69862-1]+[-2.01377- (-2.69862)]

Level:

Sec 4E

M2 — 1 for limits, 1
for expressions

M1 —nt. sin -> cos
M1 —times 1/2
Ml

=438 unit® Al
I I
=4e” +c¢ MI
Whent=0,v=2
2=4¢" +c
c=-2 Mi
v=4e" -2
At instantaneous rest, v = ()
47" -2=0 Mi
g
e’ =—
2
= —lrll
5 Al
i | 5= [4e"—2a
s=—4e' —=21+c M?2
Whent=0,5s=0
0=-4e"-2(0)+c Mi
c=4
s=-4e"' =2t+4
Distance travelled before instantaneous rest
{=}) I
=—4e' ¥ -2l -In—-|+4
( ! 2) Mi
=0.61371
Distance from instantaneous rest to 2s
. -(2)
=0.61371— (- 4" -2(2)+4) =
=0.61371-(-0.54134)
=1.15505
Total distance travelled
=0.61371+1.15505=1.77m Al
1111 | Average velocity
Bl

-0.54134
= ﬁ =—-0.271m/s

!81
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Mid-Y ear Examination 2015 Solution Level: Sec4E

Centre of C; =Centre of C,= (8, 5)
Radius of C;=/(8—4)? +(5-8)? =5 o
Equation: (x—8)" +(y—5)" =25 Al
12ii | Coordinates of B = (8+4,5-3) Ml
=(12,2) Al
12111 -
" | Gradient of normal at B = st M1
g§-12 4
Gradient of tangent = %
Equation:
y—2=5(x—12) MI
3
4
y= 5 x—14 Al
3y =4x—42 (shown)
12iv | Centre is at (8, 5) and radius is 5
The lowest point D is at (8, 0) and the circle touches x-axis at
D. Thus x-axis is a tangent to the circle at D Bl
12
v tan@ = =
8
o)
tan 26 = s . 5 M1
]1—tan’ @ l (5)
8
_80
39
Equation of tangent: y = g—g X Al
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Muathematical Formulae

1. ALGEBRA -
Quadratic Equation

For the equation ax’ + bx + ¢ = 0,

= ~bx b —dac
——

Binomial Theorem

(a+b)”=a"+(';}a""b+ [;]d"’&*+...+(")af°"b'+-...+b",
N ¥

where n is a positive iateger and Mot o=l fa-r+])
rj (n-riint rl

2. TRIGONOMETRY
Identities

sinf A+ cos’ A =1

sect A=14tan’ 4

cosec? 4=1+cot’ 4
sin{dxB)=sinAcos B cosAsin A
05 (4 & B)=cos A cos B+ sin A sin B
tan A& tan B
lzten Atan 8

sin24=2sin A cos A

cos24 = cos’ A - sinA=2cof A~ 1= 1-2sin’ 4
2tand
-tan’ 4

tan (A x B)=

tan 24 =

Formulae for AABC _
a, b ¢
sind sinP sinC

&t = B+ ¢t 2be cos A

A= Lbesind
3

AD47/\SackPrefma 115 i
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Find the range of values of & where &k = 0 if the roots for the equation
oo 4 (k- Dyx + 4k =0 arereal, (4]

i
A particle moves along the curve y =6+ -—I-;- such that the y-coordinate of the particle
X

is decreasing at a constant rate of 0.04 units per sccond,

Find the rate of change of the x-coordinate when x = 2, o [4]

Given that _[: [f(x) + l]dx =8, evaluate
M [ oo, (2]

() [Lr+ = 10+ 1ex. | (2)

(i)  Write down the first three terms in Lhe expansion, in descending powers of x,

] 7
of (Zx—i;]. {31

T
(i} Hence find the coefficient of x’ in the expansion of (x’ + 2(2: - 31_) : {2}
x

Given that the roats of 2x* +3x~-6=0 are 2a + § and 28 +a, find a quadratic
equation whose roots are a and f. [6]

[Turn aver

4047/ S ecAPretimy 145 !‘% |
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4

A bowl of hot soup was Ieft to coot such that ¢ minutes later, its temperature, H°C,
is given by H =254+ 70e™"!, where kis a constant,

When ¢ =2, the temperature of the soup is 80°C. -

()  Show that k = 0,1206, (2}
(it} Find the time taken for the soup 10 reach 46°C, _ {2}
(i) Explain why the temperature of the soup reaches 25°C after 2 fong time, ‘ ]
@iv) Sketci\ the graph of H against ¢, (2]
(8) I a&b* =a"*"b™, prove that (2+x)Iga = xigh [3]
(b) Solve (2log,x+S)og,x=3. ) [4]

The diagram shows part of the curve p = Inx and a tangent to the curve at x =%
which also passes through the point (0, <1).

YA
y=lx
0 4
(i) Find the equation of the tangent. [5]

{ii) Writc down an incquality for r if the line y = mx ~ | where m> 0
{n) intersects the curve exactly 2 times, [1]

(b) does not meet the curve, {1}

ADATIM/SecdPralima 1"15
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5
X
P
A
B
Q
Y
The diagram shows points 4, P, B and Q lying on a circle with diameter A8,
The tangent to the circle at B meets AP produced at X and AQ produced at Y.
() Prove that triangle APB is similar to triangle ABX.
Hence express A8? in terms of AP and AX, [4]
(1) Express 4B interms of AP and PB. (1)
(i) Using your answers in (i) and (i), show that PB* = AP x PX, (2]
¥4
N
0 " x
The diagram shows part of the curve y = x’. Points P and R lic on the x-axis.
The line OR intersects the curve at G(2, 8). QF is perpendicular to the x-axis.
Given that the ratio of the shaded aren to the area of triangle POR is 2: 5.
{i}  Find the shaded area, 131
(i)  Find the coordinates of R, {3}
(fify Determine whether QR is the normal to the curve at . [4]
{Turn over
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! The tidal height, ¥ metres; at a jetty on a pacticular day can be represented by
the equation
y=16+14cos(kr)
where { is the time in hours after midnight and & is a constant.

The time between the first high tide and the next high tide is 14 hours.

o) Showmatk=-’;-. i
(i) Find the minimum'tidal height for that day and the time it first occured. [3)
(i) For how long between the first high tide and the next high tide was the tidal

height at most 1 m high? [5]

’ — —
12 Given that 2% Sk R S I
X +x-2 X ex-2

(i) find the value of each of the integers a, band ¢. [4])

Hence, using partial fractions and the values of a, b and ¢ obtained in part (i), find

3 3
G I4x +3%" - 8x -1

dx. 6].
2 4x-2 (6]

End of paper

A4S acAPranms 115
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2,2 :
~fcksZ k=0
I 3 <ksz 5 #*
2. 0.16 unitsfs
3.0 4 i1 8
2 a0 )
4(]) 128x ——3—1 +T.‘t * (”) =224
1 7
2 2

6.(i) 2.8 min {iv)

. x= E-I;J— or 3

8. y=x-1 (i) 0<m<] (Pym>1
9.()) AB = APx AX

100D 4units? (i (4.5,0) ({ii) QR is not the normal to the cusve at 0.
11.()) 02 mat 7am (ii1) 5.03 h . )
x-3 . 2
. =1 4 ——rm—— i) 25t —x4+ >In{x+2)~=In{x—D+c
12.(0) 4x 1+(x+2)(x-—-l) (i) 3 3
404 US acAPrelims 115 i C.)._’)
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2015 Sec 4 Prelim | Add Maths P1 C ol
No. . Solution Remarks
t (k ~2) - 4(k)dk) 20 Ml <c‘[-‘§m=_¢t ;ua?‘ for
_ oL iscriminant
(k-2+4k)k—-2-4k)20 Bl D2¢
- (5k=-2)(~3k-2)20 ‘
(5k-2)3%k+2)s0 Mi  Factorise
2 2
~=SkL— k%0
3 3 Al
Tatal { 4 m
2 _Qj.v_ - .__2. M1
& x
Alx=) == ﬂxé
] dr
_0_042_.1,(.‘?_ l M1 E;{nwﬂhsub
v Bl -+==-004
d dr
—=0,16 Al
di
Rate of changs of x = 0.16 units/s
Total | 4 m
A . ; ; M1 For splitting
[ Sxds= [/~ [1ax
=3 [-’f]f,
=4 Al
3(it) M1 Change signs &
. . .
[/ 1dx+ [ f(x)+ 1 limits
= [ flx)+1ax
w B AI
Total | 4 m
i
4(i) (2;-—— U(zx -—- +( )(2::)[ 31] M1
x
1284 - 448 &4 224 O B2 Expansion
- 1 mark for each
ertor
a(ii
G (x* +2)(128x -4483:’1-3-2-9- by
3 3
448 224
coe _~ Ml
Ak J+ 3
-224 Al
Total ! 5m
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No. Solntion Remarks
® 2a+ﬂ+23+a=-% Ml Fiudsum=—%
a+ﬁ=—% *
Bt
Q0+ pX2f +a)= -3
? ]
+20 +2at +tafi = -3
‘ap+2 N ab M1 Find prod= <
sap + e+ B) ~2a0)=-3 a
1
aff -—3—2(— -;-] M1 Using (a + B8)
7 Bl
aﬁ = ""-i
1
H
X dmxm—= =
Equationis 2 2 Al must=0
Total 6m
6(i) 80 = 25+ 70 M1 Subs=2, =30
- 35
T
= ln 33 M1 Take In both
Ze=in 70 sides & result
k=0.1206
6(i) | 40 =254 70"
0.6 _ _3_5-
70
~0.1206¢ = In1> M1 Using In on both
70 sides .
{=12.8min Al or 12 min 46 sec
6(iii} | As¢becomes very large, 7027 approsches zero, Bi
So the lemperature reaches 25°C after a long time,
6 HA Q1 shape
95
\ Gl 95,25 seen
1) e
> i
Total| 7m
h
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2015 Sec 4 Prelim ! Add Maths Pi

7(a) o e g 2 b B M1 Group/Rearrange
Pty et M1 Indices or log law
(4 +2x)Iga=2xlgb Bl Taking !g on both
(2+x)lga=xgh sides and resuit
1(b) 20’ +5a-3=0 M1 By sub to get
Leta= log,x (@ +3)}2a-1)=0 quad eqn
1
=] = - Bl
a or as
i
log,x=~3 or log,x =E
X & — or x= \E Al Al
27
Total| 7m
80 |y ! M1 Differentiate
o x
rak.%ui-,yu Ink
1
)’“'n*=;(-""k) M1 Find eqn at x=k
-l---i-{O)-l-i-lnk MI Using (0, ~1)
Ink=0 Bl valveofk
k=1
Eqnofigh yex~1i B}
8(if) (a) 0<m < | Bl \/\acccpt
nt <thelr grad
Bl \/‘acccpt
(bym>1 m >their grad
* their grad must
be>0
Total | 7¢

2015 Sec 4 Add Maths Prelims 1 P1 MS

AV 1T S, o I Thaa

B
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2015 Sec 4 Prelim }| Add Maths Pl

No. Solntion ' Remarks
9(1) ZPAB = /BAX (Common angle) Bl
ZAPB =90°  (Z in semi ¢ircle) Bl
ZABX =90  fangent perpendicular to radius) Bl
So AAPB is similar to AABX.
AB_AX
AP~ AB
AB = APx AX Bl
9(ii) | By Pythagoras Thm,
AB' = AP* + PR Bl
9(iil) | AP*+PB*=APx AX Mt Equating (i)

PB} = APx AX - AP?

PBY = AP(AX - AP) Mi Factorising seen

~ PB* = AP x PX{(shown) & result
Total 7m
00) | Shaded Arca = _[:x’dr B
R Y " M1 correct integration
4[: I 4units Al
10(w) | Area of tienglc PQR = 10 units’ B)
1
-ix PRxg=10 Ml use
PR=25 area/discriminant mthd
R(435,0) Al
10Gi) | gradientof QR=-32 | M
Q =3x?
y }
1= 2,-4-2- =12 Bl
dx
Since grad of normal = -Tlé- # gradient of QR, M1 grad of nonmal
So QR cannot be normal to curve 2t . B) correct conclusion
Total | 10 m
195

M5 Ser 4 Add Mathe Prelime 1. D1 M ..
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2015 Sec 4 Prelim | Add Maths Pl
No. . Solution Remarks

f
B[] %:—r-ultl M1

k= -f;-(shown)

1TGh) - M1 soi

cos(—-() -

7
Minimal tidat height = 1.6 +1.4(-1)
=02m B]

At7am Bl _or 0700

G F =
i) 1.5+1.4co:(-f}'-r)=t M1 Form eqn &

cos(—’;-r) = -0.42857

Basic angle = 1.1279
17‘-: =20137,  4.2695

1 =4.4868, 9.5132 Bt B}
M1 2™ ans ~ 1% ans
Duration = 5.026 h Al
Totali 9m
12(D)
4x_1+( +x2)-(3 ; M1 use long div .
x X -
Al valve of a.b,c
12(ii) =3 _ A B Ml correct PF
(x+2)x=) x+2 x-]
x~3=Alx~)+ B(x+2) M
x=3, 3,...% m Al Both answers
x=-2./i=-§
3
j4x-1+ 5 .2
Hx+2) 3x-1) M1 first 2 terms

M1 both In (...) scen

m oyl gD il
=2y x+3in(.r+2) 3ln(Jr D+e Al +¢ seen

[t (=1 mask if dx
missing)

Total | 10m

LR W PR -
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Answer all the questions.
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You are reminded of the need for clear prasentation in your answers.

At the end of the examination, fasten afl your work secwrely logether,
The number ol marks Is given in brackets [ ) at the end of each question or part question,
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Mathematical Formulae

‘1. ALGEBRA
Quadratic Equation ’

For the equation ax’ + bx +e=0,

-biwfb’-—*fac

Binomial Theorem

(atb)'=d+ [’:)a’"" 'h+ [:] d- zb‘+...+[")a"“ Y
: - r

L oe=D....fn-r+d)
(n A n

where 1 is a positive mtcgcr and ( )
r

2, 'mconommy
Identities
-.gin? A+cos A=l
sec’A-a 1 tan® 4
oosec A 1+cot‘A
sin {4 &:B)*ﬂsmdoosBioosAsinB
cos(A:l:B)=cosAcos:B:FSmAsinB

ianA.-l:tanB
( :I;B) 1% tan dtan B

stA ZSmAcosA
cos24=cost A—sint d=2¢cos? A—~1e1~2sin? 4

an e 204
{—tan® A

Formulae for AABC
a__ b __¢
sind sinf8 sinC

a'= b+ ¢2 - 2be cos A

A= lbcsinA
2

hs

AT IS 0CAFIOIMS 15
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(3+443)em

~

- L

¥
s
(7+2~5)cm

The diagram shows 2 trapezium ABCD in which 4B = (7 + 2J3) em and
DC=( 1+ 43 ) em. 4B and DC are perpendicular to C8, Given that the area of the
trapezium is (14 + JE) em?, find the exact valve of CB in the form of (a + bJ3) cm.

A B

(4}
A function has an equation where
fy= 82 oy
“x—4
(i}  Obtain an expression for [ (). (3]
(i)  Showing full working, determine whether 'is decreasing forx <4 ¢, {3]
(i) Skeich the graph ol y = [23’ - I(-3 . (2]
(i)  Explain why the minimum value is~ 3. ‘ (1}
(i) A line y = kx, where k > 0, is drawn on the same axes with the graph of
- y=[2x~1|~3, Find the range of values of k for which there is only one
point of intersection. m
{i) Prove the identily 2 605_2'{ * cos. A+2 = cot A, 1)
2sin2A44+5m A
(i)  Hence, solve the equsation 2 cos‘6x ki cos. 32 5 for0<sxs . {4
2stn 6 +5in 3x
AD4ATIASecAPTRRINS T 15
[Tum over
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It is given that sin A= :;-5' where /; is an nmtc-anslc- Without using a calculator, ;¢

ST e A A
'._')\_c.. T ralte e

N

® . findland. X -': *‘ - ‘.‘, -’_;'_ :'_-"': [2]
Given further that tan (4+8) =2, whcrc B :s an acute angle,

(i) find the exact value of tan B r _ (4}

() ° Sketchthe graph of y =2x= or 2> o ; £}

2 - ff-"'.f':l L p 3 .
(i)  On the same diagram, sketch the graph of y = 3% ! forx> 0, [y
(i)}  Find the x-coordinate of the @bin’l:iqu'hterseclion of your graphs. [21

. in 3.
“' ‘-5}

{)  Differentiate xtan’x _wi{.ll reSPcc{tox - ()

: e o
()  Showthat [¥umn’xdr =02146.%7 (4]

(i)  Hencs, find L"'xlun xsec? x dx,

0

Given that f{x) = 22+ ax’+ bx - 3, where @ and b are constants, has a factor of
x -3 and Jeaves a remainder of ~ 20 when dmdcd byx+1, ‘
find the value of @ and of b, " - (51.

4047&_)53:4‘?@&:1-15

S, £ I
o [Tum over
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The points 4(3, 0) and B(9, 6) lie on a circie C; such that the x-axis is a tangent to the
circle at A.

(i) Find the equation of the perpendicular bisector of AB. (4)
(i) Hence, or othenwise, find centre of the circle Cy and the radius, (3]
(iti)  Show that the equation of the circle js x*+ y* - 6x = 12y + 9 =0. _ {2]

Another circle Cy 15 formed afler circle C) is being reflected in the line x = 8,
(iv}  Find the cenve of ¢circle Cs, {1}

(v}  Explain why the point (12, 9) lies within circle Cs. (2)

b @
The diagram consists of a paralielogram ABCD and a rectanple APQD.
[t is given that CD = { m and that the angle CBF = 60° and angle CFA = 90°,
The rectangle has sides AP =x m and PQ = 3x m,
The perimeter of the diagram is 10 m.

(i)  Express!in terms of x and show that the area of the diagram is
3(1 - 243)x? +Ej—3xmz. o £3]

Ty

@i}y  Given that x can vary, find the value of x for which the area has a stationary
value, (3]

{iiiy Determine whether this value of area is a maximum or a minimum, 2]

A047I2/5acAPreImE Y15
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1] Thevmablesxandymmeﬂe,dbﬂhaeﬁmﬁony-ax+£ where & and b aré'

constants. Experimental valtes ofx mdywmobhinad A sraph is drawn in which
xy was plotied against x*. The straight line which was obtained passed through
the points (1, $)and (3, 11),

* .
.

Find _
@ thevalueofasndofh, ', .~ - 0]
(i)  the coordinates of the polnt on the linc at which y=—x + % (4]

12 A particle travels in 3 straight line, so that £ seconds after passing through & fixed polnt

0, its velocity, vms™, is given by v={£—2£)—:‘ ~ 2, The particle comes to instamati_ebus
test at P, Find -
()  thevalue of  when the phrticle s st instantaneous rest, " 13 ‘
Gi) distancs OP, . - (41
(ili) distance travelled for theﬁm 3 seconds, [2}
(iv) the acceleration of the pa[ticle at /.= § seconds, {3] ;

. : mmsoeimmns ‘-,\.é

R [Tum over
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13
Tm

13m

C : B

s 10 be buill in the shape of the figure shown in which ADC is a straight

A playground i
90°, The length of AEis Tmand AB is

line end angle E4AB = angle DCB = angle EDC'=
18 m. The angle ABC is 6, whers 0° <8<90°
The perimeter of the playground is given by L m.

() Show that L can be expressed as p+ g cos@ + r sind , where p, g and r are
constants to be found, 7

3]

Express L in the form p+ Reos(8-a), where R > 0 and a is an acute angle.[4]

(2]

(i)
(i) GivenL=351m,find 8.

(iv)  Find the maximum value of the perimeter and the corresponding value of 8. [3]

End of paper
1y-26 +16V3
25) 1- 1!1(4-,'3)

(x~4)
3

¥y A

N
\4-3)

3ii) Since

2% -} ~32-3

40472r5ecAPreilms 115
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Min value is 3
I kz2
4ii) x=0.0658,1.11,2.1%

1 ' .
Siylan 4 == - .
i) 2 e

Sii) tan B = >

4
6‘) N 1
4 By=2x

-.-|u-

(i) y=

6ili) x== 8

73 lan® x+2xtanxsec® x

7ii) 0.2146

7iit) 0.285 C e e

3)a‘_8 A T
b=17 o, ; Y

9i) y=-~x+9 CT

9ii} Centre is (3.6) TR S

Radivs =6

2v) (13.6)

9iv) Y10 < radins 6

(12,9) lies within circle

10i) § = 5~4x

0i5). = 0.879

2 . ' . -'.. »;..:- "'.:" ’ . " _ .. .
10iii) %;-‘} = 6(1—23) <0 - | _
maximum
Nija=3,b=2

N |
i {=,— ..
) 5) 3
12i) { = 2,-6(ref) B
12i)OP=4m

123 112m
12iv) o = 0,064 m/s!

By L= 25+ /764 cos(8 - 66.25°)
13ii) 84.1°.48.4°

131v) 6 = 66.3°,426.3%(ref), Max =25+ -J’M 52 Im:

{.

A

404712/SecAPrefms 15
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Marking Scheme 2015 Prelim Add Mathematles P2 -
No Solution Marks Remarks
B ct Use of
l 14+ Jl_2.=" -!-(7+2-J§+3+4\6)C8 i Corre cqn mpdmc
j_ e formula of
144243 5-343 \ \ cthacwiso
CB= »® M1 rationalise
5+3/3  5-3J3
70— 4243 + 1043 - 6(3) M1 simplify surds | (topand
= botiom)
25-9(3)
=~26+16+43 em Al -
4 marks
i -1 M1I use of quotient
2 (x=~ 4)-&-——; < In{4 = x)1) rule
fFix)= 1) B1 diff, In(4 — x) -t
= tn(4 correctly d-z
=1-htd-0) seen
(x~-4) Al
2(ii) x<d~e
xod & = B M1 knowing 10 show
{'(x) +ve and -ve
d~x>¢
In(4 -x)>Ine )
Infd-x)> 1 M1 manipulalc
1-In{d-x)<0
S S(x)<0 Bl correct
[is decreasing conclusion including
staling ( )° is +ve
6 marks
3H
St comrect
Y A shape/symmetrical
Bl vertex and y~int
- /. seen
> X
- 2‘.\/
(0.5,-3)
(i) Since B1 with explanation
j2x -1 20,
Rx-Yf-32-3
Min value is -3~
3(iii) Gradientof R H. arm =2 24
k22 Al
4 marks

Page 1
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Marking Scheme 201S Prelim AddMathematics P2
oo ._ L "' i
No Solution"": - . Marks Remarks
4{i) LHS SRS Y
2(2c0s*~1) +cos A +2 : B1 double angle for
= : SV BN cos 2A -
2@sin Acos AT+sind .. Rt Bl doubleangle for 5
_ 4oos’ A+cosA e L sin 2A ‘
sin A(4cos A+1) S e
cos A(4.cos A+ 1) o i M1 factorise both
= sin Adcos A+ 1) Bl ;,—'f’l:—:-bcou
= cot A b
4(ii) cotdx =5 Bl
tan3x = i M1 reciprocal of
5 cotdx
3x =0.19743,339,6.481 ) |
x=0,0658,1,11,2.16 A2 - 3 corect Ans must
Al -2 correct be in rad
8 marks
5(i) | M1 use pyt thm to Must
tan £ = 3 find length show
Al working
5(ii) tan A+1an 8 <y - a1 .
- - use of tangent
. la;) An 8 formula SOt
—+tanB
2= —?'-l———-—- M1 subst tand
-1
1 > an B
2-tanB=l+tanB M1 simplify
2 .
tan B =% Al
6 marks
6(iXii) / '
Y Bl With
label
B1 _
Shape
must be
correct
Must .
touch ;L
origin
6(iit) l ';_ h_;. '
3T M1 simplify iadices
x' =6 > [,:f
x=6 K Al mnslrcj-sfg

Page 2
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Marking Scheme

2015 Prellm Add Mathematics P2

No Sotution Marks Remarks
y . 4 marks
- - : M1 use of pdt rute
M 14 tan? x = tan® £+ x(2tan x)sec® x B1 diff, tan’x I
dx R : correctly seen
= tan* x + 2xtan xsec” x B! presentation d
Eg —
dx
T i rep M1 use of identity
(i) La tan® xdx = Esec’ x~ldx B} integrate sec’x
. M] evaluate
« [tan x = x];: integral(must show
- 02146 subst)
= 0.214 B1 presentation Eg [t
(0.214602)
? e : f-
(t) [Ftan” x+ 2xtanxses? xde = [xun’ 313 B1 work backwasds | ECF
2Ext.anxsoc‘ xaft=[x!aan]E"Em":xd" M1 make subject
. . 6 ! M1 evaluate
=0.7854 - 0.214f integral(don’t necd
. =0.5708 show subst)
f.r 1anxsec’ xdy = 0,285 '
) ' Al (min 3sf)
11 marks
3 J®)=203) +9a+3b-3 Bl f{3) = 0 with
0=51+%a+3b subst
-17=3a+b.....(1) ,
B f{—1)= -20 with
subst
f(=N==24a-b-3
-0=~5+a-b
~I5=a- b (2) M!SOIVBSim
R Al Al
b=17
S marks
o~ |

.
L r
abr

Page 3
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Marking Scheme _2015"Preli;n Add Mathematics P2
No Solution Marka Remarks
9(7) Midpoini of AB = (6, 3) o
- Grad AB=}
M1 find grad. of
Grad of perpendicular biscetor=~1 P?W“d‘c"la‘
bisector
y=3=-lx-8) M1 form eqn
y=-x+9
Aloe.
o(ii) Let centre be (3, &) Use
k=-3+9 MI find y-coord of | other
centre mtd such
Centre is (3,6) Al as
Radius = 6- Al distance
G(iii) (x~N+{p-6) =36 Bl seen ECF
' M1 expand and
X'ty “‘6.1""12}"1‘9'—"0 o et Simplify
5y [ (13.6) T Al
St Lot pomnt (12.9) e M, Letcentre of C3 b€ 0,7
o o2 TS T M1 find distance
OM J(g 2 ‘+ (12-13) Bl comparison made
= J10 < radius 6 and conclusion seen
(12,9) lies within circle
12 marks
10(1) Sx+3x42( =10 Al
I=5-4x
Area=3x" +3xsin 60°(5 - 4x) Mla?:ld area of
arallelogram
, Vel X N:l p gr
=3t 15— —12x" —= A g
2 J_Z S B sin 60 = ~=seen
=3(1-2J§)x*+|573x T
10(ii M1 attempt to diff.
O |y s
dx 2
Al stat value, poie 0 Bl [ 0 soen
x=0.879 dx
Al .
10 | 4°4 M1 know 2°
=60~ 243) <0 derivative or sign .
maximum test ‘
Al :
| 8 marks
Paga d .

rrm - - — Y
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Marking Scheme 2015 Prelim Add Mathematics P2
No Solution Merks Remarks
N | xy=ax+b B1 menipulate into
grad =3 grad-intercept form
L2 dek N M1 using comvect
x? - subst
xy=3x +2
a=3,b=2 ALAI
LD | = =x? 400 M1 use similar eqn
xp=3x’ +2..(02) M solve
sal simultaneous eqn
2
=1
"
1 7
- ALAI
(2, 2)
- 8 marks
12(i) 32 220 Bl
(t+2) M1 sof
1+2=44 Soive eqn
t = 2,~6(ref) Al
12(ii) 32 32
""j(”z): “2""“"}‘:'5"2""‘ M1 integrate (ok if | Give
Atr=0,5=0¢=16 no +¢) marks il
3;2 ' use
$m—————2+16 . definite
1+2 Bt integral
1
Atr=2, L
OP=4m M1 find distance
(sub t=2)
Al
12(iif) | Atr=8, M1 () +2(4) seen
S=-3.2m
Distence=32+4+4=112m Al
12(iv) _ 64 M1 Knowing to
T2y differentiate
Bl acc expression
Att=8, a=-0.064 m/s* secn
Al
12 murhks

Paga 5

202
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Tl avd R NP Gl ol s B el ot donnd erd .
Marking Scheme . 2018 Prcli;n Add Mathematics P2 ,
No Solution . . - Marks Remarks
1A() L=7+18+18c0s8+7sin6+18sinf —~7cosé
=25+ 1cos 0 +25sin 8 . B1,81,B1
L3¢ tan & = %% Bl
a = 6625° Bl
R = J746 Bl 764 0r27.3]
L = 25+ Y764 cos(6 - 66.25%) seen
B1 statement
13(i) | When L =51m,
51 =25+ +/746 cos(d - 66.25°) Ifuse
cos(& - 66.25%) = 0.95193 M1 solve 27.3, will
et
=84.1°0r48.4° g=84.00
13(iv) I Max=25+ V746 =523m - ° b Al D Penalise
At max value, T if
005(9—- 66.25°) =1 ' Bl COS(...)=1 seen ~extra
o_ o ° SOleor....=0 ans
g -66.25 =0° 360 808 in
8 = 66,3°,426.3%(re)) rad.
Al
12 marks

Page §
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TEMASEK SECONDARY SCHOOL
- O Leve! Preliminary Examinations 2015

ADDITIONAL MATHEMATICS 4047101
Paper 1 2 hours

Question Booklet
_ Addilional Materiat: Writing paper (8 sheets), Cover page (1 sheet)

READ THESE INSTRUCTIONS FIRST
Do not open the booklet until you are asked to do se.
You are not requlted to submit this booklet at the end of the paper.

Wiite your class, Index number and name on alf the work you hand in.
Wiite In dark blue or black pen on both sides of the paper.

You may use a soft pencil for any diagrams or graphs.

" Do not use slaples, paper clips, highlighters, glue or comection fluid.

Answaer all questions.

Wiite your answers on the separale Answer Paper provided,

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

The use of an approved scientific calcutator is expeclted, where appropriate.
You sre reminded of the need for clear presentation in your answers,

Al the end of the examination, faslen all your work securely together.

The number of marks Is given in brackels [ ] al the end of each question or part
question,

The totat number of marks for his paperis 8O.

>3

No part of the paper is (o be raproduced without the apteoval of the Principal of TeraaseX Secondery School,
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This document consists of 7 printed pages and 1 blank page,

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the cquation ax’ +bx+c=0,

_ ~biJp ~4ac
2a

Binomlal expansion

(a+5) =a +(n}a""b+{n}"’b’ +...+[n)a”"b' +o+ b,
1 2 r

2 _ao-D.{a=r+l)
A(r=n) r )

. _— a
where nis a positive integer and ( ]=
r

2, TRIGONOMETRY

sin® 4+cos’ 4=
ldentitias sec’ A=1t+tan® A
cosec’A=lw+cot® A
sin(A % B) =sin Acos B+ cos Asin B
cos(A = B) = cos Acos BFsin Asin B
tan Attan B

1¥tanAlan B
sin2 A= 2sin Acos A

cos2A=cos’ A—sin* A=2cost A~]=1-2sin’ 4
2ten A
[~tan® 4

tan{At B)=

tan2 A=

Formulae for A ABC a . b N
sinA sinB sinC

a’ =5 +c? —2bccos A

A= -i—absin C

No pat of the paper 5 16 be reproduced wihioul the appravs! of the Principat of Tomasek Socondary Schasl,

[Turn over 32
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Answer oil the questions.
(i}  Given that sin{A+ B) = 3sin(A—- B) ,show that tan A= 2tan B. {2}

(if)  Hence solve the equation sin’(x+30°) =9sin’(x-30") for 0° < x <360°. [4]

(2)  The equation 2. ~2x+1 =0 has roots arand 8. Find the quadratic

equntion whose roots sre -‘-E,—and-g;. (51

(b}  Theequation ofa curve is y=(3+m)a (8 +4m)x+3+4m, where
m s a constant. For y =0, find the value of m for which

()  oneroot is the negalive of the-other, {2}
(i)  oneroot is the reciprocal of the other. (2}

Ll':
2(4) 2"
6: x3l-!x

(a)  Simplify and express in the form of 4(3)™, where kand

nare integers, {31
. 125
(b)  Findthe valucs of & and & such that Ig} — | = alg (by) ~41g y forall
¥

positive values of y. 3] _

(c)  Solve the equation 2log, e” + elog,(2-3¢"). (5}

log,5

Given that & +2x—3is a factor of f{x), where €(x)= ¥ +6 +2a¢ + bx—3a,

find

() thevaluesof aand A, [4]
(ii)  the other quedratic factor of f{x). [3]
Explain why f{x} = O has only two real roots. 3}

20}
No pad of th paper it to be reproduced without the epproval of he Principat of Temesek Secandsry School,
[furn over
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5
The disgram shows a circls €, wilh centre {4, - 6).
Acurve ¥ =x and the circle C, have the y-axis as the common tangent.
Both curves interseet at the point (4,—2).
Y A
Y=x
> X
o
4,-2)
G
(i) ~— Wrile down the radius of circle C, and hence the equation of C,. [2)

(1)  Find the area bounded by the curve y* = x, the circle €, and the y-axis. (3}

(i) A second circle, C, is the refiection of the circle, C, in the line _y w2,
Wrile down the equation of the second circle, C, in the form

Pryr2px+2fyrem0, (2}

A curve js such that % =4x+ for x> 0ond the curve passes through the

1
(x+2Y

oint (—l- l) ;
P T2 ) :

(M  Find the cquation of the curve, (3]

(li)  Find the equation of the normal to the curve at the point where x= -I- {21

2

Na patt of the paper ¥ to te reproduced withou the approval of the Princinsl of Temassk Secondary Scheol

[k o4
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Liquid is poured into a container at a rate of k m’fs. The volume of liquid in the

container is Vm® where V--;-Jm’(Bk—-h) and h m is the depth of the fiquid in the
container. Find, in terms of &, the rate of increase of the liquid level when the

depth of the liguid is %’-‘-m. . (4]

1 R .
Given that %?x =-9y and y=acos® x+ bcos x where aand bare constants,

cosx»0, show that Ja+4b=0. ' (6]

The curve -l-+ 2 =linlersccls the line 2x + y+2 =0 at the points A and B.
Xy

Explain why 2 line joining points A and B is perpendicular to the line
2y-x-6=0. 3]

On the same axes, sketch the graphs of
y=cosx+! and  y=land,

for 0° < x<360°. (4]
Hence, for 0° < x<5360°, state the value or range of values of k for which the

equation ftan of = cos x+ k hes

@  2roots, (1}
(i) 3rools, {1
() 4 roots. (1]

LYY

No pact of the paper (3 [o be reprodveed without the sppraval of ihe Printipal of Temasek Seacondary School,
[Turn over
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11 The diagram shows o trisagie AEG which intersects the circle at points A, B, C

and G. Dis a point on ABE such that BU= BE. Show that . .
() angle AEG s similar to triengle CEB, {2]
(i) AGxBD=GExBC, (2}

No part of the papet s 1o be reproduced whhout the zpproval of ihe Principal of Tamasek Secondary School.
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d © cosx
how that —{J2 +sinx)= . 2
12 (o) Showt d.x(J smx) hies [2

(0}

A 4
-

The diagram shows part of the curve y= %. The curve intersects the
+sinx

x-axis at g— snd -:g-r-and the y-axis at the point C.

)] Find the coordinates of point C, in exsct form. T {13!

(i)  Find the area of the shaded region bounded by the curve, the y-axis
and the x-axis. (4]

End of Poper

264

Ne part of the paper I to be reproduced wihott 1ha approval of the Principal of Temesek Sscondaty Sehool.
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Scee 4E/SNA Prelim Exzms 2015 AMP1

Marking Scheme ' *
1 1))

sin Acos B+cos Asin B =3(sin Acos B—cos Asin B)
4cos Asin B=2sin Acos B

sin Ac?sBﬂ _

cos Asin B

tan A=2tan B

(i)

| (sin(x+30°)! ={(3sin(x~30))"

sin{x+30%) = +3sin{x—30%)

sin(x+30%) = 3sin{x—30%) or Sin(x+ 30 = ~3sin{x—307)
tan x=21an30° §in(30° + X} = 3sin(30°- ) | M1
x =49.1° or 229.1° 1an30° = 2anx

tanx = tan30

. x=16,1° or l96.l°

Mo part of the puperis tobe reproguced velthout lhe approval of IN¥ princlpsl of Temesak Sacondary School.

{Turn over 3
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2 {a)

22 =2x4+1=0
a+f=1

af

B1

1
2

2
ra

2
sum of roots =-—r+
a

_ A+ )

(aBy’
_Ya+ B)a ~af + B
- (afy
_ Ao+ BY{(a + f) —3aB)
) (apy

3
:2(1)(1 2) _

| =-8 Al
=y

2

product of roots = (-‘%-I-;—’)

=_4_.=32

i)

equationls X +8x+32=0

Al

11

M1

. 8+4m . 1Y 3+4m
—x) = = M1 —= =] | M1
) (- = 22 @ @f%)-3
8+dm=0 3¥dm=sli+m "
=<2 Al m=0

oo d

Mo pent of tha paper s lo ba reproduced wiahout 1he aporoval of tha Pdnclpst of Temesek Secondary School,
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(a) N
2(4)%"’ AR Ty) L
x 1=1rx = 3 M1
6°x3 2" %3 X
32!
- 2"2' -2 -
= ---—-—-----—lr 5
2" x 3 .
=10(3") M for k=10, Alfarn=1
()
125 ‘ . -
— =lpg(b S
'g 5 iy =lgldn) ™

1e(1255") = 1g(by)*
Gy =69
a=3 and b=$

A2

(c)

log, &' + lol S =log,(2 ~3e") | M1 forchanging base

1

log, &** +log,2=log,(2—3¢")

jog 2t = log,(2—3e") M1 for using correct laws ‘]
’ -

26 43¢ =2=0

(2" ~ 1" +2) =0 M1 for the solving equation

& :-:I-z- or e =-2ANA) | Atforrelect & =2

x=ln-15 or ~ln2 or—0.633 | A1

No patt of s pepet 13 16 be raproduced without tha approval of tha Printipal of Temasek Secondary %hod ver
urn ove
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13
4 (F +2x=-3)=(x+N(x=1) . | 82 -
@)
f (lln 0 ~
a=baTen(l) | M2
£(=3) =0
Sa—b22%mna(?) § M
solva(l) and (2)
a=5 and b=-2 [N
(i)
f(x)= 2 +62 +10° —2x~15a (¥ +2x~3)Q(x) | M1 forlong division or
Q(X)=.l,+4x+5 At any correct method
fi 2
Show that »* +4x+ 5w Ohss no real roots M1 for correct caef of x.
using & ~4ac<0. Al
Therefore f{x) has only 2 resl rools

5 (i) radius 4 units 81

Equation of the circle is (x—~4)% + (y’-l- 6t=16. |81

L]
(Asea = [ dy+ 4~ ue [ an
e

- [%L +16-4x | Alfor [‘g‘]

- 2%+16-4x=6.10 sq unies | 9

(i) centre is (4, 10) | 81

Equation is (x~4)! +(y~10)’ =16

£+ -8x-20y+100=0 Al

319
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Pt bl i ]

\uqi r-ﬂt 1'\“(
- x""_"".')': e ‘J O‘-\’é ] st [

dy =dx+(x+2)7
dx

.I"""""‘f"""j

] ll."d ey

14

Al

B2 o 108y =502 +79.
108

& {i)
y=2x’—--1--+c M1 l
x+2
{1 2
Subst. (2,2) . S AL
Equation of the curve is . y=2x' 2
3 e x¥2 5
" 1 dy 54
t x=m, == -
@ LT
. 25
Gradient of normal = —— | M1
54
(i s yp=—
Equation of normal is y <
7 V=-I3-ﬁh’(3k—h)=nkh’-%nh’
CLANE Pl )
av_av dn F
dt dh ot
dh k .
k 2k M1
@ oy n 2y
3 5
23

“lemk wis [ A
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y= acos’ x+ beos x

dy

~L = ~3acos’ xsinx—bsinx

Rf> &

15

-

M1 for LA (acos’ x)
dx

= ~3acos’ x+6acosxsin® x—beosx

v 3 2005°x + 6acosx(l-cos’x) - beos x

= ~3}acos® x+6acosx—6acos’ x-beos x

= -9 acos® x+(6a~b)cosx

s .
% =—0y=-9acos’ x—%bcosx

(62 - b)cosxy =-9bcos x

sincecosx» 0

S ba-b=-9b
6a +8b=0

Ja+4b=0

{21
—_——— et —
x y 2
2y+4x=xy.

Subsl, y=-2x~2inlo above squation

M1

Al

A~2x=2) +4x=x{-2x=2)

228 +2x—4=0

M1 for -5—(-—33'::95’ X5in X)

1 far using ldantity

Al

M1

P rx-2=0

M1 for forming quad egn

(x+2)(x—~1}=0
¥=r=2 pr xm=j
y=2 or y=—4

Alfor(-2, 2}

Alfor{l, -4)

Gradient of the line joining poinls Aand B=

gradicnt of the line 2y~ x~6 =o=-;-

The product of the 2 gradient = ~]

QOr the gradicnt of one of the line is equal to —

The lines are perpendicular.

-4--2
I+2

Al

M1

1

the gradient of the otherline

2
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1]

ik

10 \ y
' 81 for cosx and B1 for correct
) ranges
r
1
1 ]
i
'
1 4 B fqr tanx and B1 for absolute tanx
o s0* 180° 20" W X
1
. E :
[} ]
] 1
] [ ]
{ ]
1 ]
t 1
1 |
: ‘
M~-1sk<t |®2
Giy k=1 81
i) k>1 B
1 ()
LGAE=£BCE  (ext Zeylicquad) | w1 for both conditions
LAEG=<ZCEB (common angles)
- AAEQG is similar to JCEB (AA, similarity) a2 for cading the right test used
(shown)
(i)
AG GE )
— = —={from parl {}
BC BE( ’ » M1 f iting the ratios of sid
.- BD = BE(given) 1, for writing the ratios of sides
%% = % , A3 for using the condition BD=BE
AGx BD = GEx BC (shown)

Hs part ofthe paper 18 to ba reproduced without the sgprovs! of ihe Srincipat of Temasek Secondary School,
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{2 (=) y=0 +sinx)?

-
‘;_f = %(2 +5in x) {cos x)

. COsX

" 2f2+sinx

L S S 0 B o T o B
Wi R A [ SR Lah-i l";i.‘..l ' A retea L Lo
17
BiBl
cos0

(b) (i) when x= 0, y= m—=7

Point Cis (0, T) or (0,~—

cos X

x
i Arca = j dx+
o . 242 +5in x

&

4

R e [T

= [JI +5in x];_ + I[JZ +5in xE

Cos X

ey | M1
232 +sinx

B1
'

AlAl for Integrate torrect
using {a)

=[ﬁ—ﬁ]+

=105 5q units

J2+sin§;£—-\;2+sin%i
- N4

210
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Do not open the hooklet until you are told to do so.

You are pof required to submit this booklet at the end of the papar.
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Write in dark blue or black pen on both sides of the paper.
You may use a soft pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or comectlon fluid.

Answer all the queslions.
Write your answers on the separalta Answer Paper provided.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimat

place In the case of angles in degrees, unless a different lavel of accuracy is
specified in tha question,

The use of an approved electronic calculator Is expected, where appropriate.
You are reminded of the need for clear presentation In your answers.

Al the end of the examination, fasten all your work securely logether.

The number of marks is given in brackels [ ] at the end of each question or parl
queslion.

The total number of marks for this paper is 100,
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2
Mathematical Formulae

1. ALGEBRA
Quadrati¢ Equation

For the equation ax’ +bx+¢ =0,

o - b b ~dac
22 )

Binomial expansion

{a+b) =2 +[‘;’)a"‘b+[:)a"‘b’ +...+(:)a""b' 4o+ b",

o A\ A dp-lfo=r+l)
) where nis 2 positive integer and [r]- r!(n—r)I= o

2, TRIGONOMETRY
Identitles

sin? A+cos® A=l

sec? A=l+tan? A

cosec’ A=l+cot’ A
sin{A B)=sin Acos Bt cos Asin B
cos{A B):cos_AeosB-'Fsin Asin B

tan A+tan B
{4t B) =T B

5in2A = 2sin Acos A
c082A4 =cos® A—sin? A=2cos® A-1=1-2sin? A
2an A
ten2A4 P
Formulae for AABC
a __b __c¢
sind sinB sinC
a8 =5+ ~2bccos A
6=%absinc

No pait of ihe paper Is 10 be reproduced wihout the approval of 1he Principal of Temasek Secondary School, 21l
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Answer all the questions,

Without using a ealculator, find the value of 4 and of b for which i%ﬂ- is the

solution of the equation 32+ 2343 = /50 + 15, {4

{a)  Show that the expression »* + px—x+ p* +2, where pis a constany, is

always positive for all real values of x.

Hence, find the range of values of x for which — 8 —3x-—-28‘ (7]
YA px—x+p+2
(b)Y  Find the range of values of & for which the line y=2x—& cuis the curve
¥ =x+k at two different poinis. (4]
(a)  Given thal the 1atio of the coefficients of »* and »* in the expansion of
X 2
(x‘ —-—-) is 1 : 4, find the possiblc values of & (5]
x
(b)  The first three terms in the expansion of (2:—3{[ +-§-) , in nscending
7 *
powers of x, are p+ qx-a-,\‘. Find the values of n, pand g. [5)
20 =52 +Hx=3 . . .
{a)  Express in pariial (raclions. 5
ey P t5]
(b)  Prove the identity XX C0S X o X OO X 2 tan2x. (3]
sinX=cosx sinx+cosx
No past of {he papar I3 1o be feproduesd whinaut the spprovet of the Principal of Tematek Secondary School. i
; [Turn over
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4

The diagrem shows pari of the curve y-lp(x—r)’ +ql. where p, gand rare

constants and p> 0, The curve cuts the y-axis al 24 and (4, 8) is the tuming point

of the curve,
Y
A
24
(4, 8)
> X
0 A B
()  Find the values of p, gand 1. {31
()  Find the coordinates of A and of B, [33

(i)  Writs down, with explanations, the number of solution(s) to iho equation
ip(x-r)’ + ql= Rx~H for 3<k<5and
W O<h<l, : 2
() b<0, (2

A car Pmoves in a straight fine such that, ¢seconds after the start of motion, its

s
velocity, vm s~ , is piven by v=t— o,
ocly, sE yv 2t+3

The initia] displacement of Pis (: --;-ln 3]:11.
()  Find the value of 1 when Pis at instantaneous resl. 3}
(it}  Pind an expression, in terms of ¢, for the acceleration of Pand determine

whether Pcan silain maximum velocity. {2}
(i)  Find the average speed of P for the first 2 seconds. (4]

212
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7 Answer the whole of this question on 3 picce of graph paper,

The table shows experimental values of two variables, xand y, which are connected

by on equation of the form y\f_ - R(J;}' + nx, where k and i are constants,

4,53 5.83 7.00 8.09

()  Using graph paper, plot -f against 7‘- end use your graph (o eslimate
x

the value of kend of n, [6]
(@)  Use your graph to estimate the value of ywhen x=3.40. - 3
(Ji) By drawing a suitable lins on your graph, find the solution to the
simultanedus equations yVx = k(-\f;)‘ +nx and y= Jx+rx. {31
8 S
14¢
F 8em
R
- 9
Q ‘_ T

The diagram shows a rectangle, PORS, where the QR makes an angle 8 wilh a
horizontal line Q7. :
Given that PS= 14 cm, SR~ 8 cm and 0° <8 <90°, show that the perpendicular

distance, Hcom, from Sto the line Q7 is given by M =8cos8 +[4sind. [2]

()  Express Hinthe form Rcos(e -a), where R> 0 end 0° < a <90°, [31
()  Find the maximum value of Hand the corresponding value of 6, [2)
@)  Find the value of & when H=12, ' [.2]

No parl of the paper is 1o bs reproduced wilhout the approval of 1he Prinelpal of Temasek Secondary School,
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6
9 N
The diagram shows a right circular cone in a sphere with centre O and radius 40 em.
The vertex of the cone, N, and the circumference of its base lies on the sphere and
the centre of the sphere is on he axis of the cone,
{iy  Given thet the radlus, helght and volume of the right circular cone are rem,
hemand Vem?® respectively, show that V == %(l!i.‘lhz - ] {3}
()  Find the stationary value of Vand show that this value is a maximum.  [5]
il) (8)  Find the range of values of x for which the curve y=xed " isa
decreasing fanction, (4]
()  Given that y={n(3~42)}, show that L KOB=40) Lo i
dx J-4ax
conslant to be determined.
-)
Hence, evaluate I 2+3Inl3-4x dx. {7
bt I-4x
T3

Ho part of the paper s to be reproduced withowt the approval of the Principal of Tomasek Seeondary School,
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11 Solutions to this question by accutrate drawing will not be accepted.

B

The diagram shows a kite ABCD, Mis the midpoint of ACend the coordinates of A
and Care (2, 5) and (10, 1) respectively.

(i} Find the coordinates of M. £1]
(i)  Find the equation of BD. (2]
(fi) Given that Blies onthe line Jx+2y+4 =0, find the coordinates of B,  {2)
(iv) Given that -f?% =3, find \he coordinates of D, £2)
(v} Find the area of the kite ABCD. ' {2}

End of Poper

1

No parl of the pepar Is to be reproduted wihaiut the epproval of tha Prinelpsl of Temncek Secondary Schools
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Prelims 2015 See 4E/SN ~Additional Mathematics Paper 2
Marking Seheme

n

Solutions and Marks Ajllocation

l

302 + 0343 = 50+ 8

Txf1 =202 = 242 M

e 22 1127
WI-242 11 +242

_lald 48

335
a=}4 and b=8 A

Al

M1 — rationalise

2(a)

Prpx-x+p 2

= +(p=-Dx+ p’ +2

b ~dac=(p-1) ~4Q)(p* +2)
=x--3p' —2P"?

1y 2
= py=| ~6%
:{‘”3) 3

2
Since [p+-;-) 20,
b =4ac<0

Since lhe ¢ ci

—~4 gy Al

X'+ px—x+ p’ +2 is always positive for all real values of x. Al

P -3x-28<0 Mi
(x~7Xx+4)<0 M)

Ml

Al

Ml

2(b)

Sub (2) into (I):
(2x-k)’=x+k _
47 -(4k )+ b ~k=0

b ~dae> 0
(ax+1) -4k =)0
24k+1>0

k>-—-—l— Al

24

Ml
Al

ML

No part of tha paper Is 12 be reproduced without (ha approval of the Principat of Tamassk Secondary School.
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3(a)

_k- ]11
X

A

Al for 243

—
=

(

Let24-3r=3,
r=1

12
Coefficient of ¥ = (? }(— K =-1026" Al

let24-3r=9
r=25

12
Coefficient of ¥ = { s ](—- kY =-7192%* Al

~71926" 1 M
-792° 4
- A

3(v)

(Zx-S{l +-*-’]
k!

=(2x—3{1+—"-x+ o)) +) Al
37718
7, '
=PHQeTE b

Comparing the constant ferm;

Comparing the coafficient of x:

Comparing the coefficient of ¥:
7 2 ﬂn-l!

p-3
g=2=n

-5--»-3-5‘- 6 Mi
n~5n-14=9
(n=T¥n+2)=0

n=-2 or n=7 Al
(refect)

Sg==5 Al

No pait of the paper I (o ba reproduced withow, the approval of the Princlpel of Temssek Sscondary Echocl,
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4(2) 23’—Sf+11x-38A+Bx+C+ D
(£ +1)x~2) £+ x=2
20 =5 +T1x=3 = Al +1) x~2)+ (Br+ Cfx—2)+ D +1)

Ml

Comparing the coefficient of ;. A=2

[ =
Letx=2, D=3 A3A2AIAD

Ley x= 0, Cal

Letx=1, =4

2.r‘-5x’+llx-3= _Ax=l 3
(¥ +1)(x-2) 2Hl xe2

Al

4(b) L5 =SB X0 X sin x—cas x
SinXx—cosx sSinx+cosy

_ {sin x+cosx) ~(sin x~cos x) M

- sin® x=-cos® x

_ Asinxcosx

sin? x~cos? x

= 25in2% Al for 25in2x Al for ~cos2x
“cosx

=-2{an2y
5 {r=4 Bl

q=.8 Bl

Let y=24 when x=0,

24 =}6p-8

16p-8=24 or |6p-8=124 51

p=2 or pr-l 1

(reject)

5(M) | Lety=0,

2x—4} ~8=0 Mi

_(x—d)’ =4

-4 =32

x=2 or 6 A

A2,0) and B(6,0) Al
S(ii) | The graph of y= A~ K] is Y-shaped and the vertex s located between 7= 3 and ¥
®) |~ 5 onthe e, thus there wil be 4 sqlutions, BIBI
?giﬁ The graph of y= Hx~ k] is inverted V-shaped and the vertex js located between x=

-8XiS, thus there will be no solution.  BIB|
He part ofthe paperis o be repreduced withoi ihe spproval ol the Prnslpnt of Temasek Seoonaary Scheol, . Tee
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60))

Let vm (3,
5

2143

20 4+31=5=0 Ml

(2e+5¥t-1)=0

Mi .

:=--;- or | Al

(reject)

6{1)

asl+ Al

W #0
(@r+ 3y
Since a cannot have a value of zero, Pcannot attain maximum velocity, Al

o 6(iT)

H
s=-’;-—-§-ln(2r+3)+c, where ¢is a constant. Mi

Let s=l--g-ln3 when ¢=0,

l—-%lnB =—§2-ln3+c

c=I

s=-f-2---§-ln(2r+3)+! Al
2 2

3 s
When =1, s -2- -i-lns 2.52359
When (=2, s= 3—-;-ln7=—l.864??5

When =0, s=1 —%lns =—1.74653

Avecsge speed = (2.52359 - 1,74653)+ (2.52359~1.864775)
2

=0.718mis MiAl

No part ef tha paper s 16 be reprodused witrout The spproval of Ihe Principal af Termasek Secondery School,
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T
From the diagrom, & =8cos8 and h, =14sin§, Bl each (wotking needed)
H=8cos8+1dsin8

(M R= 260 =265 Al

a=60.26° Al

H =265cos(0~60.26°) Al
(if) Max value of H= 2465 Bt

8 = 60,3° : Bl
(i) When H=]2,

265 cos(9 ~60.26°) = 12

6
cosif ~60.26°%) = M1
( ) =
8-6026°=-4191°
6=18.4° Al
Na pact of Ino papar [ [0 bo roproduced wihaul the spgroval of the FPrincipat of Tamasek Secondary School.
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4
|

)
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»

I

i

<

&
£
[
i .
')

i
4
:r’
S
LS

14

1) 1 (A~40) + 7 =40’ Mi
=808~ Al .

] .
4 a-m"b

=Z{80h- 12 Al

70 5% =3_:~(160h-3h’) M

=0 or h=53% Al
(reject)

When h=53 %,

V =79431.87 = 79400 (3s) Al

d&*V =
T3 {t60~6h) M)

When h=53%,
@V 160

=<

a3

The stalionary value of Vis maximnm, A1l [proof is necded)

N¢ pan of the papet |5 to be reproduced wihoul the approval of (he Printipal of Temasek Secomdary School,
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10(0) y= x’ei-h

oy & (=2)+15e A2
dx

- PeM(-24)

Lct-t-j-)-:<0.
dx
2 (3-2x)<0 Ml
3-2x<D
1
]=-
x> 3 A

G} 1 ysn(-4xF

dy -4
o A -4
pp 2n(3 x(]-dx) Ml

_ -8in(3 —-4x)
3-4x
k=8 Al

-
f 24334y d

) 1-4x
=T-—-2-—dx—1'f'3’”(3“”)dx

L3-4x B J-dx
=-%[!n(3-—4x)]1 -%kln(s-eu))’f, n

a-%(!n?uln!l)-%[(h\?}’ ~Ge1if]) M
=(0,22599 + 0,73625
=0.962(3s} Al

M}

No pad of the paperis 1o be seproduced without tha approval of the Princlpal of Temas ek Stcondary School,
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RO}

M(S, 3) Al

@ii)

Mgy =2 M1

Equation of BD:
y=3=2(x-6)
Y28 YOO peree— (1)

Al

KG)

INF 2y + 490 mas(2)
Solving (1) and (2):
x=2and y=-5

B(:.-S)

Ml

Al

T

D,~2

D6

D,=3

Dts

D,-3

D, =7

D@3 MLAl

)

Area of kite ABCD

25 -5 1 1

r.-.%.(toz +18)
=60 sq.units

=_1_Iz 2 wsj Mi

Al

21§
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VICTORIA SCHOOL

PRELIMINARY EXAMINATION-TWO
SECONDARY FOUR

Additional Material: Answer Paper

READ THESE INSTRUCTIONS FIRST

Wilte your name, class and register number on alf Ihe work you hand in.
Wirite In dark blue or black pen.

You may use a pencil for any diagrams or graphs.

Do nol use paper clips, highlighters, giue or correction fluld,

Answer all questions,

If working Is needed for any question it musl be shown with the answer.

Omission of essential working will result In loss of marks,

You are expecied to use a scientific calculator to evaluate explicit numerical
expressions,

If tha degree of accuracy is nol specified in the questidn, and if the answer is not exact,
give the answer o three significant figures, Give answers in degrees to one decimal
place,

For », use either your calculator vaiue or 3.142, unless the question requires the
answer In terms of &,

At the end of the examination, fasten all your work securely logether.

The number of marks is given in brackels [ ] al the end of each questlon of pant
queslion,

The total number of marks for this paper is 80,
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1. ALGEBRA
Quadratic Bguation ' :

For the equation ax® + bx + ¢ =0, -

i

2

-

(@ + by =d+ (’:)d"?b +-'£g)d.-:b: A [")a"’b" b, _
r -

Binomial Theorem A N

T =1}..in=r+l
where 1 is a positive integerand | | = m___ nla=t).n=r+1)
r) -l r! N

2. TRIGONOMETRY

Identities _ '
sin* 4 + cos* A4 =.1
sectd =1 * tan? A
cosec?d =1 + cot? 4
sin{ A &: 8) =sin Acos B cos Asin B
cos{ A+ B) =cos Acos BFsin Asin B
- tan A ktan B
lan{ A & B = ——emm——
n( B) 1xun J1en B
sin 2,4 =2sin Acos 4
cos2A =cos? A~sin® A =2005*A~1=1-2sin’ 4
la[; 24 =-....2£“:i.
: {-1n® 4

Formulae for AABC
a_ _. 3 oS
sind- sinB  sinC
@ = b +ct — 2bccosd

A = Labsine
2
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1 Find the range of the values of x which satisfy both inequaities

0 <x*=4x and x* -4x S3x+10. : (4]

2 Solve
3 '

) === ' (2}

¢ 2 27

Gi) &' ~e=2e"", . {3

LY

3 () Findthe coefficient of the term in x in the expansion of [x‘ —g) . (3]

(i) The coefficient of x* in the expansion (5—3x)(1+5x)" is 1785. Find the value of
n (4]

4 Thegradient to a curve is given by %=(h +3)', where k is a non-zero constant, The

equation of the tangent fo the curve at the point {1, 2) is 9x~y~5=0. Find the

(i) valueof k, 12}
(i) equation of the curve, (2]
i
5  Sketch the graph of y=—|x+I|+2 for 4 SxS2. (3)

(i)  Stalethe range of values of p for which the equation —{x+1|= p~2 hesat least t

solutions for <4 3x 52, in
(i) Using your graph, state the number of solutions for —~|x+1j+2=x+3. (1]
6 (i) Findthc exact value of x in the equation J2x+5 =dTx+19. {4}
(i) A cuboid with o square base of length 3 +1 cm, has a volume of
H
(S\ﬁ} ~38 cm’, Find the height of the cuboid in the form a+b-ﬁ. i4]
229
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7 Acurvehas the equation y=xe*.

. .,y
Find —.
0] " ™

(if) chce show that I 4x¢“dtu16fn2—3§- :

(iii) Fmd the range of volues of x for whlch 1116 funchon y=xe' is decreasing.

chord AB, Find the Cnoe
() rediusand the coordinates ofthe oen‘tm ot‘fhe crrcic.

--‘.

(i) cqualion of chord 48. : e if"‘. ‘

::.— ._’.{‘.I,..-;.‘ T . -'_.-_': '.
If P is a variable point on the circle, find:the .~

{iii) maximum area of triangchBﬁl.'- .

integers. The minimum value of f'is —-l and lht pqu of fis -3—

__'-.

()  State the amplitude of £.
(i)} Stete e values of o and of &,

{iii) Using the values of @ and b foufad. ih part '[ii).

{n) solve [(x)=0 for Ostzzr lenving ytmr answers in terms of 1,

(b) sketch the graph of f (x) =2008ax+b for OS.\' S2n.

10 A particle moves in a straight line such thét ! s‘e:c:ii;xds after Jeaving a fixed point O, the

velocity v m/s, is givenby v =3¢*~¢~10, Find the . _

(i) initial acceleration of the particle, '. )

(it} minimum velocity of the paniclc.'

(iii) total distance travelted by the paricie in the first 3 seconds,

{iv} average speed of the pasticle dﬁring‘ the first 3 seconds.

VICTORIA SCHOOL 1 szs{é'wmi

AB is a chord of the cirele x* + y'—Sx--Zy-3=D and M (-;—.2%] is the midpoint of

The function f is defined, for 0Sx er, by f(x) - 2wsax+b where a snd b are

{2}

(4]

2]

)
Bl

[ :

W
(1

(4)
B3

[2] “
2
0
2]

— -
R
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Solutions to this question by accurate drawing will not be accepted.

The diagram shows the trapeziuvm ABCD in which BC is parallel to AD whilc B4 produced
is perpendicular to CD produce at point £. The point 4 is (=1, 5), Cis (5,3} and D is

(3.2).

0

(i) Show that thc coordinates of B are (-3,9).

(i) Find the area of trapezium ABCD,

arcaof AMED |

{li)) Giventhat ~cea of ABEC =--Z, find the coordinates of E,

[6)
(2]

3]

End of Paper

Thix document (3 Inttncked for Internal cireniofion in Victoris Schuol aniv. No par! of this datnment sdy be reprovuted stered in @ reirteval
ryziem of trasmitied In oay form oc by any rieony, electronke, mechaalcel, photocopying or piherwise, without the prier permissien of the
Vietoria Schoel Intemat Exams Commitiee, :
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Answer Key i '
I, ~122<x<0 or 4<x€822 . 106} =1 mis?
| (i) min velocity= ~10- m/s _
) I~ 231 x=) 1 . . 12 -
3 (1ii} Totai Distance =20.5 m
i i =-7 3(i) n=6 .
() Coefliient of x 0 7=6 1 ) AveSped =6-§- o 6.83 ms
3 1"'2.!1 ;_:_' : . .
4) k=6 A ymz-mLT {3
%] Vi) Area=15 units® ‘
5. - -
(i) EQL1) _ .
X
5y ~1€£ps2
5(ii) There =re infinite number of solutions,
6(3) x::-?-:;ﬂ 6(ii) height= 623343
i) Y (4x+1) (i) L
dx S
8(iy centrc of circle is {4,1) : S -
(i) radius=4.47 units RPN : e
(i§}) Mex area = 22.2 units? L ' -
o) Ampliude =2, (i) a=15, b=l
Ar 8n t6x .. |v
xr:r.--—' = T o
(iii) (a) 9" 9" g S

8(iiiy (b) £e)
. .

i : }
0 ﬁ\i_yﬁz 4 mv
: i 3 N3/ 9 3 9 EL:
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o ' Maﬂu‘gnan’cﬂ Formulae

1. ALGEBRA
Quodratic Equation

For the cquation ax® + bx + ¢ = 0,
—‘ ) :._
é + .\’b t.lac

2a

Binomial Theorem

(@+b) =d+ (:]d""b.--!- [’:]a”"b,’ b+ (:]a""b' bk b,

..d . - _: _l . - .
where # is a positive integer and [n 5 o il = nfn-1)..(n~r+) o
rjoorin=r rl v
. 2. TRIGONOMETRY
Identities

sin? 4 + co® A = |
sec’d’= 1 +'tan* 4
cosec’4 = |+ cot’ 4
sin{ A% B) -——-_'s_in AcogBtcos Asin B
cos{A+ B)=cos Acos BFsinAsin B
tan(A48) wm AN B
-7 1Fupdun B
~ sin24=2sin Acos 4
00524 =cos® A-5in* 42 2008® A~1=1~2sin? 4
‘fqn2zi=_—-—-—-——-'.?mf'
L l—la.n A "

Formulae for AABC

a = b .
sind * sinB sinC
a® = b+ o= 2coosA ;

A= %absinC

£3
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1 Find the range of the values of x which satisfy both inequalities

0<x? -4x and X —4x<3x+10, {4}
Ce<x?=dx  and 2 —dx<3x+J0 !

x’ ~4x>0 x*-7x-1050 -
x(x~4)>0 for x* ~7x-10=0

Ik J=1) -40)(-10)
2(1)
=-1.22 or 8.22 -
Loxt=Tx-1050
~1.225x5822

x<0 orx>4

Hence the solvtionis =1.22<x <0 or d4<xg822

2 Solve
33 1
., 3. , 5
W o= f2]
3 t
—_—
¥
L
33: 3-\i!
Ix
2=x=-2x =il
x=2x 3
2=%x
4 1
x:—:]—
3 3
() 3¢ —e=2e"" (3]
3¢' =e=2e"

. 2¢’
Je -e=l'-:—
T

S(e')l —g-¢" =22t =0
(e' —e) (Se‘ +23) =0

ef=e or Jg’ = -2e

x=1 (NA)

223
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(iy  Find the coefficient of the term in x in the expansion of (1’ -——-—-) . {3}

Fortem inx, 1_6.—5r.=1 )
Sr=15

red

CoefTicient of x = 8 E-:-l-); '
3 2'_ .

. N
== .
e,

r

¢1) Thecoefficient of x* in the expéns_ionlv(ﬁﬂ'x)i(l+5x)" is 1785. Find the value of

n.

VICTORIA SCHOUL

A
irt

ST 4]
(s-3x)(14sa) | .,
={s —Bx)[l-l-( )(5;)4.( )( »,), +]
= (5~ 3x)[l+5nx+_i_%_)xzsx; ) .

cocfficient of x* m lhc abovc cxpansnon =1785

12502 2 -3(5;:)4?85

125n(n~1)~30n =3570 " T

1257 1257 =300 ~3570=0 ~

1257 =155 -3570=07 "

259 ~3in=T14=0" -

(n-s)(zsn+u9)=o S U

n-6=0 or 25n+l!9 0 ..
19,

7% =

n=6 of n=- NA)

IS!SdPRﬂAW )

it "
rn
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4  The gradient to a curve is given by % =({kx +3)’ , where k is a non-zero constant. The

equation of the langent o the curve at the point (1, 2) is 9x—y—5 =0. Find the

@

(#)

value of &,

9x-y-5=0
ye9x~5
Gradient of tangent = 9
: d

2), £=
At (3,2), o 9

(k+3) =9
k+3=3 or k+3=-)
k=0 (N.AY or k=~§

equation of the curve,

Equation of curve is,
y=[{~6x+3) dx

_{=6x+3Y
3(-6)

+e

. equation of curve is,

(3-6x) 1
T I
1 3(1-2x)

YT

VICTORIA SCHOOL

tS54PRYAM/]

(2]

(2)

2k
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5  Sketch the graph of y==jx+1]+2 for -4 $x52, (3)

yh

e v e et ————

L]
-

L 3

]

]

¥

[ ] ¥

I Tk

]

1

]

]

1

]

1

]

L] ]

r —

t

]

]

[ ]

M

()  State tho range of values of p qu which the equation ~px+1]= p—2 has at least |

solutions for -4<x<2, = 7 m
~1Sps2’ '
(i) Usingyour graph, state the numbcr of solfutic;ns for —pe+f+2 =X +3 [.l‘]'
Thero are infinite number of soluhons S

56
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6§ {i) Find the exact value of x in the equation H12x+5=f1x+19, (4}
Jl-l_21+5=~.ﬁx+l9 Jl—axd-swﬁ.ﬂ-w
4J’Fx-—~f7_x=-'ld . Mx-wﬁx=l4
3\[7-1“:']4 ’ : (m_ﬁ)x=:4 |

LA o 4 2+ fi
i 14447 +147
21 EETE
il | L S6NT eIl
3 . 105
. 047
105
il
N

(i) A cuboid wilh a square base of Jength J3 +1 cm, has 2 volume of
(S\ET ~8J3 cm’. Find the height of the cuboid in the form a+b43, {4}

(sv2) -85
(1)
_25(2)-83 4243
44283 4-28
_200-100V3 ~323+48
1612
) 24813243

Height =

4
=62-333

28
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7 A curve has the equation y =xe'.
. . . dy B . e _
[') Fmd d . Lt ] h [2]

y=xe"

dy A dx
“—=xd4e"" +e'" (]
2= sdet 16" (1)

=e'' (4x +1)
(i) Hence show that J':ﬂdxe"dx=]61n2-3%. [4]'

LT — 2 T?
L ¢ (4x+l)‘dx—[xe I
[Paxe" +¢" de=ln2xe'™ -0

wy
|

j:i 4xe' dx+ _[ e dx=In2xe"™"

Imdxe". dx=In2x IG—E“e" dr’

=151n2—£"e" dr

' ' P
e 6ln2—[5-—-2[-‘ .
4 -l

- Ban“I 'ah:-éco)' .

.
=. Gan-:(e“" -1) : |
=l&ln2-%(16..1). ST
=16In2-33

4

Gii) Find the range of values of x for which thé function y = xe' is decreasing. [2)

For y to be decreasing,  *

.d!.<0
dx
" (8x+1)<0
Since &*' > 0 for al} values ofx, *-
then 4x+1<0 L )
x<—— - -
VICTORIA SCHOOL | ISISAPRIAML .
o YT omn O RT OO BRI R T TR f?f.'. Ty I
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AB is a chord of the circle x* +)* —8x~2y—3=0 and MG—. 2%) is the midpoint of

chord A8, Find the

(i} radius and the coordinates of the centre of the circle, [2]

x4yl Bx-2y-3=0

4y +2(4)x+2(-Dy+(-3)=0
g==4, fe-l, ¢=-3

Hence centre of circle is (4,1)

radius of circle is \fg’ -

-6
=20

= 4,47 units {3 sf)

(i) equation of chord 48, [3]
Let the centre of circle be C.,

22
. gradient of CM =_3L_

=—4
5

=1
16

-, gradient of choed AB =!:;?.

Hence equation of chord AB s,

5 7 5
L1664
7 3s
16 4
e T oo
IETIN
VICTORIA SCHOOL

15154 PR2Z/AMN

If P is a variable point oo (he circle, find the

(i) maximum area of triangle ABP, 4]

4V Y
Lengthof CM = 4———) +(l —2—)
5 5
= lz.l_
J 5

Length of BM =BC' —~CM?

{ )
= 1) ~12=-
5

! 4

= ?'—

5

Length of chord AB=2xBM

=2x 7:-1-
J 5

Area of AABP is maximum whea P, C & M
are collinear and PAM is L 4B.
s maximum area of A4ABP

=-;-XABxPM

=-;-XABK(CM +CP)

B

=22.2 units’ (3 sf]

Need a home tutor? Visit us at www.championtutor.com
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9 - ‘The function f is defined, for 0 Sx$2, by [(x)=2cosax+b, where g and b are

integers. The minimum value of fis =1 and the period of fis %{

{) State the ainpiitude of §
Amplitudg =2 .

(i) State the vhlues of aand of b.

L}

as2t+ =15

b=l

(i}) Using the values of a and b found in part (if),
(n) solve f(x)=0 for 0 Sx<2x,.leaving your answers in terms of 7,

2cos (g-x]-bl ()
2
cos[-ix)= -l
2 2

3 P g
X e T, IR A= T
2 3 (‘3)
3,28 4x Bn G
27 371" ) .
dr 8x l6x L
X By =, T ot
9" ¢ 9 o

(b) sketch the graph of f(x) #2cosai+b for 0SxS2,
£2) R
F 3

3 '

() :12(;03(%3‘]4-1

VICTORIA SCHOOL stsePRUAMAN
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10 ' A partjcle movesina stmght line such that ¢ seconds after leaving a fixcd pomt 0, the
veloc:ty v mnfs, is gwen by v=3£‘ —£~10. Find the

(i) initiat acceleration of the particle, - 21
v=3t7 f =10
dv
a=—
dr
=61 -1
tnitial acceleration = 6{(0)~1
= =] ms’
(i) minimum velocity of the particle, (2]

Minimum veloéity of the particle occurs when 2 =0
6r-1=0

|
t=—
6
.+ minimum velocity of the particie,

5 .
-—-3(1) —[—‘-]-—l(} ==——IO-I-- m/s
6/ \6 2

(i) ‘totl distance. travelfed by the particle in the first 3 seconds, (4]
Al =2,

a3 -r-10d '
#= {31010 ¢ sqzué(z)’_m(z)hm
Atio],

5=3 ——(3) —10(3):-7—

.. total distance lravcllcd in the first 3 seconds

=_f’—--l-:’-10r+?:
2
Att=05=0, Je=0

Hence, s=1* —%r‘ ~101

When v=0, =14+ (14=7.5)
3 -t=10=0 =20.5m
(3 +5)(r~2)=0 o (=0,5=0
34520 or (-2=0 =2, o .
s==14 y M v
- = =~15
e (NA} =2 %8 } >
3 0
{iv} theaverage speed of the particle during the first 3 scconds. 12)
Average speed of the particle during the first 3 seconds
_ lotal distance _ 20.5
totab time - 3
= 62 or 583 m/s
6 -
VICTORIA SCHOOL }5/S4PRUAMIY . > 3:]L
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11 Solutions to this guestion by accurate dnwing will not be accepted.

The dizgram shows the Uapmum A.'BCD in vihtch BC is perallel to AD while B4 produoed :
is perpendicular to CD producs at pomth Tf:e ﬁomtA is (-15), Cis {5,3) smnd D'is

(3 2). L "
()  Show that the coordinates oi‘B are (—3 9] _ (6]
Gradient of BC = Gradient of AD e A(-1, 5) X :
_5-2 O ' 1 c(53)
"5 "D, 2)
s=-:-‘- o . O Lol 4
: I 3
Sub (5, 3) |nloy=-z-.r+c, 3=--a-_(5)+c
3
= 6=
Y
. . 3 3
Equation of BC isy = ~~=x+6—-
PR
-2
dientof CD = ——
Grndieatof C. ey
_.-:-_,-l.
2
Gradient of B4 =2 s .
Sub (-1,5)dnto y = ~2x+d,  5==2(-1)+d
: - d=3
Equation of B4 is y = —2x+3
—-:‘—x+61==—2.r+3
4 4
~Ix+2Te=—fx+12
Sxa-15
x = —-3 . .
whenx==3}) y=-~2(-3}+3
=9
- B(=3,9)
VICTORIA SCHOOL ISISPRUAM __
:Ei H H [ T . T_':h-:' n!‘(‘ '''' L ] = :i_:‘ - e ]
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11 (5} Find the area of trapezium ABCD. 2}
Area of trapezium ABCD B(—-S, 9) 1
Hs 3 135 '
2l 5 5 23
_ . A(-LS
=-;-[(45-—l?—2+9)—(—9-—-9+l$+10)] ACLS) \ C{5.3)
1 \
==(37-7 »2” D(3,2
£037-7) 06,
=15 units? o
o e area of MMED ! .
(lii} Given that m = find the coordinates of £. (3]
Since AMED and ABEC are simi)
‘ SImREn Sub(3,2) into y = -x+ /,
ED & 1.1 2
EC EB V4 2 Jut(t)ss
& D and £ are the midpoints 2
of EC and EB respectively, f .—.;‘!.
: . o
Let £(m, n), Equation of CD is y = -2-:: +-i-
S+m 3+n} Egquation of BA is y = ~2x+3
—,~=1=(3,2)
2 2
Stm g 34n Lo
P 3 2 2 -i-x+5==—2::+3
m= n=] x+l=~4x46
SE(LT) —— A1 | Sx=5
x=1
or
~3+m 9+n
2 ' 32 whenx =1, p=-2(1}+3
=(~4,5) =]
~E(1,1)
End of Paper,
333
ViCTORIA SCHOOL 1S/SAPRUAMY)

Need a home tutor? Visit us at www.championtutor.com



i - 3 S P P N S SR R AL AP SO SR A -y n
U %f.‘i_‘u [ i.&;..; L Red e Rew oes DI T X R S O

e ~ Class Register Number
Name
4047/02 - | 15/S4PR2IANI2 .
ADDITIONAL MATHEMATICS PAPER 2
Tuesday 11 August 2015 2 hours 30 minutes
o Joow g Kotk VT Fromn Yo TTot v i Rore s rEron Gt
ELeefod ey ik s h i e R e
. VICTORIA SCHOOL
'PRELIMINARY, EXAMINATION TWO
SECONDARY FOUR
Additional Materials: Answer Paper
Graph paper

READ THESE INSTRUCTIONS FIRST

Wrile your name, class and register number on all the work you hand In.
Wiite in dark blue .or black pen.

You may uge a pencil for any diagrams or graphs.

Do not use paper clips, highlighters, glua or comrection fluid.

Answer all questions.

If working Is needed for any question it must be shown with the anawer,

Omission of essential working will result in loss of marks.

You are expected to use a scientific calculator lo evaluate explicit numerical
expressions.

If the degree of accuracy is not specified in the question, and if the answer is not exact,
give the answer to fhree slgnificant figures. Give answers in degrees to one decimal
place.

For #, use either your caloulator value or 3.142, unless the question requires the
answert in terms of #.

Al the end of the examination, fasten all your work securely together.

The number of marks is glven In brackets [ ) at the end of each question or part
question,

The folat number of marks for this paper is 100.

This paper consists of 7 printed pages, including the cover page.
[Turn over

Need a home tutor? Visit us at www.championtutor.com



HE M i

Ve ki W8 S Wl B At DR fed E ved R ad o

Maffiq;i;zﬂca-l P orntlae | - o
I. ALGEBRA’
Quadratic Equation ' '
For the cquation ax® + bx + ¢ = 0,

. b+ JB - dac

2a

Binomial Theorem

(@a+8) =a~ (:]a""b + (;)a'"b' + .+ (n]a""b’ + ..+ 0,

r
" where # is a positive inleger and g pop— = nn=1)..{n=r +1)
r})- riin -~ r

2. TRIGONOMETRY
Identities -

sin? A + cos? A = 1
s d =1+ o’ 4
cosee? 4 =17+ .cot? 4
sin(A X B} =sinAdcos Bcos Asin B
c0s{A £ 8) =cos Acos B¥sinAsin B
tan(A £ B) = tnn:‘d:!:tanB
MRS P Y
sin2A4 =2sin Acos A
$2A =cos® A-sin? A=2cos? A~1=1-2sin* 4

Fornudae for AABC
a b . [+
sind - sin8B : sipC
at = bz'-l- et - 26'&005/4 :
B =-;-absmc.'

Teot
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Water from a tank in the shape of an inverted cone flows out at the rate of 5 crn’ /min. The
height of the cone is 48 cm and the base diameter is 16 cm. After f minutes the water levei

is hem,

. . 3 . . . . ”h’
() Show that the volume of water in the tank, ¥ cm’, at time £ is given by ¥ = e {21
(i} Find the mte of change of the water Jevel when h=6. 3
{ili} State, with a rcason, whether this rate will increase or decrease as ¢ increases. RS

2 ‘The displacemeny, y mm, of a mass fixed on a vertical spring can be described by the
simple harmonic motion equation, y = 4sin {@1), where A and & are constanis and (15
the time in seconds after the mass is displaced from its equilibrium position, 0 mm.

Given that the maximum displacement of the mass is 20 mm and that the mass first returns
10 its equilibrivm position after 0.25 seconds.

(i) State the positive value of 4. 1
(i) Show that the value of @ is 4xr radians per second, {21

(iif) Find the exact value of ¢ when the mass first reach a position 10 mm below its
equilibrium position. (31

3 (i) Giventhat flx) =2x" +ax’ +bx—30 hasa factor (x +3) and leaves a remainder of
~28 when divided by {x—1). Find the values of @ and of b and solve f{x)=0. {6}

(1) Hence solve 2(y+ 1Y +a(y+1) +by+56-30=0. (2]
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The diagram shows points A, B Cand D lymg on a circle. The chords 8D end AC intersect
at G. EF'is s tangent to the clrc]e alC.AD s prdduccd meet the langent at F and .

ZABC = £8GC.
- Prove that - :',' .
() BDispaslleltoBF, . .77 iR 2}
(%) wiangle CFD snd triangle AFC i simllar,: 2}
() FC'-FD'=FDxDA. . .5 (3]
, ' +10x : - '
5 (8 Express in panml fracUons , (5
(x 2)(.r ~4) o
(ii) Using your answer from (i), fi nd I G ix;)+;zoi4)dx and hence show that |
4 3x +10x N S
S ol BN 4
ey ey "(5) T [.1

6 (a) The quadratic equation 3x* ~Zx 44 m. ha.;. rools 3ar+ fand a +3 4.

() Showthatthe valuck'of a: 4—}3 =%~ and a,t?--l% [4)
(i}) 1f the roots of the cquntlon ﬁ:t’ —}u A1= 0 where g and A are constants, ore
a and B, find the valuc of g nnd of h 2]
(b} Find the range of values of & for which (Jt +3)x +lox++ | is atways positive for ail
real values of x. S {4
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7 Answer the whole of this question on a shect of graph paper.
The 1able shows experimentel values of two variables, x and y.
x | 04 0.6 4.8 1.0 1.2
» 222 2.13 1.97 1.73 1.37

it is kinown that x and y are related by the equation y* =(ax+1)x—b, where aand b are
CONSIEnLS.

(i)  On graph paper, plot (y' -x] against x?, using & scale of 2 cm to represent 0.2 unit
on the x*- axis and 4 cm to represent 1 unit on the (y’ -x) - axis. Draw a straight
fine graph to represent the equation p* ={ax+1}x~b. - {3

(i) Use your graph lo estimate the value of a and of b, T[4}

(iif) By drawing n suitable straight Jine on your graph, solve the equation (a -2) .,5.13{’..
_ x

()

8 A picce of wire 160 cm long is bent to form the shape shown in the figure. This shape
consists of a semi-circular arc whose diameter Is given by the length DE, and & right-

angled triangle ABC on the opposile ends of a rectangle of length y cm, The length of 5C
and 45 are 5x cm and 13x cm respectively,

E ¥ A
' h
1 )
] 1
] 1
| 1
] 1 1
t 1
¥ I
' t
3 im
D C
(i} Expressyinterms ofx, {2}
_ (i) Show that the area enclosed, Acm?, is given by A =960x-6{3r+13)2. (2}
(ili) Determine the vafue of x for which A has a stationary value. 3]

(iv) Find the stetionary value of A and determine il it is a maximum or 2 minimum value,

(3]
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9 {(a) (i) Provethat cosA= o 3:+m/¢:mni (3]
{11} Solve, for 0°< A $360°, cos A-tan Asin A=I. {5)

{b} Given cosfe= —% end 8 is m ih'e' third quadrant. Without using & calculator, find the

value of cos -g- _ . . {31

16 (a) Solve the equation log,-;-'---lt'.ig".‘.1:--103;l (9x-2). (3)
(%) Given that fog, (x+3)~(logy.y) (logs 2) =2, express y in terms of x. 03]

() () Differentiste Incosx: - ¥ - - [

(i) State the principal value of la'r;"" ); giving your answer as a multipic of . [1]

e

!
0|

The diagram shows part of the graph y=tanx, The shaded rogion is bounded by the

. L4
curve, the x - axis, lines x=-g-.. xn% and y=1.

+ (iif) Usink your results from (i) and (i), or otherwise, find the area of the shaded
segion. , oo

4)

231
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A L-shaped structure, OPQ, can be rotated about O, OP and PQ measures 3 m'and. Im
respectively. OP makes an acute angle, 8, with the ground. Given that L m is the shortest
distance from Q to the wali,

(iy showthat L =S$cos&~-sind, (21

(if) express L in the form Reos{f+ ), where R>0 and 0°<ar <90°, 14}

(i) state the minimum value of L and find the cormresponding vatue of 8, (31

(iv) find the value of @ when LaJ. [2)

(v) explain why the maxirt;um valuee of L is not R. ]
End of Paper

Thiy docussert 15 Imended for Internol ctrenlotion fy Vielorto Sthool ondp. No port uf iz dotument may be reprodieed sored in o perrbevol
Sesiers o (armitted In oay form or by any means, elecironic, mrchonicol, phatotopying vr othtrwise. sithowt the prier permisslon of the
Vietoria Schoat Internol Exems Commiiies.
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Answer Key AT
- i) A=60°180°, 300°
I(if) 1:l-ﬁ=--l.5‘5>t:tm’min ol %{!D A=60
dt Ny g _Jio
)T e
(iii) As 7 increases, 4 decreases, ) cerl
, dh =180 dv .

Since —=—7p, ~ is inversely

de  mh @ R =t o xe2

propertions to i, | e .(a) x= 4 -

hence rate of changc of water level mcrcases {x 3)

when # decreases. .(

Or ' R S ‘]
dh _-i80 | d'h 360 CE R ey ~lanx _-
a7 e , ‘(i) Principal valve of tan™} =--E- - -

— 2 0 X SR
Since &* >0 for all positive A, then 7 >0, . 7L Gy Aveam 2.04 units
Hence :}'—ruanmcrcnsmg fimetion, - . -

) 1 1) L =5.10c0s(8+11.3%)
20y A=20 (i) t=— : Do L
24 o] Y i) MinL =0 when @=78.7°
3(6) a=7, b=-7 -1 ="(iv') §=427°
x==3 or x=2 or x==25
v} If L=R then 6 <0 ,
(ii}y y=~4 or y=lor y=-335 " Since 0°< 0 <90, . maximum L= R -
[ Since #20° maximum L occurs when: -
4 Plone Geometry 8 =0°, maximum L =5, )
. H 2
5(1) 2 + + ;
x-2 x+2 {x+2}
! 8
6 =3 hw——
a(iiy g= S s

b -2<k<b

i) a=~300 b==5 ._,,

(i) Drawy® —x=2x" +1 RN P

x=10.394 R

8(i) y=80-3(r+3)x Sl R

8iti) x=3.57 SRR

8(iv) Stationary valus of 4 = 1710 ok i

A is maximum A ‘
VICTORIA SCHOOL 15/S4PRUAMI2 232
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Class Register Number

Name SOLUTION

4047/02 15/S4PR2/ANI2
ADDITIONAL MATHEMATICS PAPER 2

Tuesday 11 August 2015 2 hours 30 minutes

VICTORIA SCHOOL

PRELIMINARY EXAMINATION TWO
SECONDARY FOUR

Additional Material: - Answer Paper
Graph paper {1 sheet)

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in,
Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.
Do not use paper clips, highlighters, glue or correction flvid,

Answer alt guestions.

If working is needed for any question it must be shown with lhe answer.

Omission of essential working will result in loss of marks.

You are expected 1o use a scientific calculalor lo evaluate explicht numerical
expressions.

If the degree of accuracy is not spacified in the question, and if the answer Is nol exact,
give the answer to three sngmﬁcanl figures, Give answers in degreés to one decimal
place,

For s, use elther your calculator value or 3,142, unless the question requires the
answer in terms of 7,

Atthe end of ihe examination, fasten all your work securely logether.

The number of marks'ls glven in brackets { ) at the end of each question or part
question,

The total number of marks for this paperis 100.

This paper consists of X printed pages, inf:luding the cover page.
: (Tuen over
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Mathematical F orulae

1. ALGEBRA
Quadraric Equarion
For the equation ax’ + bx + ¢ = 0,

e -b * \./b’ ~ dor

2a

Binomiol Theprem

@+b) =a+ (’I’Jaf‘*b + (:)a""b’ ot (")a"*b' b d b,
L . r

: . I M oA =1} (n=r+
“where 11 is a positive integerand |- | = 4 nl- — = "(' ) (" ! D
rj.ori(n ~ 9l ri

..... -

2. TRIGONQMETRY
- sin® +o0f? 4 = 1
sec’ 4 = 1 tan’ A
cosec’d = 14+ cot® A
sin( 4+ B) =3in Acos Bxcos Asin B
co5(A L B) =cosdcos BFsinAsin B
tan A tan B
1FunAdtn 3
5i0 24 =2sin Acos A
cos24 =cos’ A-sin® A=2c08? A-1=1~2sin’ 4
fan24 = sz
I—~tan® 4

Identities’

wun{At 5} =

Formulae for AABC

e b ¢
§ind. sind  sinC
2 2 2 ;
a’ = b+ e - 2bécos A

A= -;—absinC

VICTORIA SCHOOL [S/S4PRUYAMS
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Water from a tank in the shape of an inverted cone flows out at the rate of § e’ fmin, The
height-of the cone is 48 cm and the base diameter is 16 em. Alter ¢ minutes the water level
is hem. .
()  Show that the volume of waler in the tank, ¥ om’, at time ¢ is given by V¥ = %h-;- 12}
Using similar triangles,
r h | _h
— e Sre—-
g 48 6
Volume of water , ¥ a—ar'h
1 _(rY h 48
sws|=|h
53 "(s)
3
yath
108 !
() Find the rate of change of the water level when A =6. {3}
dh 36
ay oV dn
dr  dh dr
]
6 dr
dh _-180
Tde oAl
dh  ~180
Alh=8, —— se——
gt n6?
==1.59cm’ /min {3sf)
(iii} State, wilh a reason, whether this rate will increase or decrease 85 ! ingreases. mn
As ¢ increases, i decreases. Since %—’:-: -}%’2, %3:- is inversely proportional to K,
hence rate of change of water level increases when h decreases.
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4.
2 ‘The displacement, y mm, of a mase fi xed one vcmcal spring can be described by the
simple harmonic motion equation, y = Asin (m) whiere A and @ are constants and ¢ is
the time in scconds after the mass is dasplaced from its equilibrium position, 0 mm.

’

Given that the maximum dlsplacemenwf the i mass is 20 mm and that the mass first relurns
to its equilibrium position after 0.25 scconds. .

(i}  Siale the positive valueof 4. e ' (9
A=20
() Show that the value of @ is 4r.fadinis fer second.. 2)
0.=20sin @(0.25) S
'sinlm =0 'J - 'K
e S 0t
Lo=0x AL T 023,
4 LT 0 .
ar =0 (ref), 47 S _20" '
;- ’.:--"' :

-
Wk

(il) Find the exect value of ¢ wbcn the mass i' rst reach a posilion 10 mm below its .
equitibrium position. . _ 31

.o

=10 =20sin4mt

sindnt = -l
2

& =sin” [—]-)= z
2] 6

n
Am = n+— )
7| " '
{ 3 it ) et - A .
6 dn
==
24
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3 () Giventhal flx) =2% +ax* +hx-30 hasa factor {x +3) and leaves 2 remainder of
~28 when divided by (x-1), Find the valucs of a and of & and solve fx)=0,  [6)

(-3 =2(=3Y +a(-3) +5(~3)-30=0 <

—54495=-3H-M=0
3a~§=28 (1)

11)=2() +o(1)+5-30=-28
atb=0 «(2)

()+(2): da=28

=7
a 22 +x-10
b==7 .r+3)2:r’+71’—7x—30
2x +6x°
ﬂx]=0 3_7
20 47t ~7x—30 =0 o
(x+3){2x" +x—10)=0 . i
=10x-30
x==3 or x=2 or x=-28 0
(ii) Hence sobve 2(y+1) +a(y+1) +ty+6-30=0, (2}

2(y+1) +a{p+1) +by+b=-30=0
2(y+1) +a(y+1) +8(y+1)~30 =0

Letx= p+l

yHi==3 or y+l=2 or y+!=-25

y=-4 ye=l y=~3.5 !
VICTORIA SCHOOL 15/SAPRZIAM/Z
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The diagram shows points 4, B, C and D lying on a circle, The chords BD and AC
intersectat G. EF isa tangcnl (i) Lhe clrcle at C AD is produced meet the tangent at and -
LABC = LBGC., _

Prove that
(i) BDis parailc} to EF, S 2]

ZACF = ZABC (Zsin altemate segment)

ZABC = £BGC  (Given)

N £LBGC = LACF

By the angle property of altcmatc angles, BD is parallel to £F,

(ii) triangle CFD and triangle AFC are s:mllar. (2]

LCFD = ZAFC (Common A)
£DCF = LCAF  (£s in alterate segment )
Henee ACFD is similar to AAFC,

(iiy FC'~FD'=FDxDA. . | [3]

Since ACFD is similar to AAF C

FD_CF
FC AF }
FC' = FDx AF

=FDx{FD + DA)

» FD' + FDxDA" -~
AW FC'—FD' = FDxDA (Proven)

MR
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9
¢ (i} If the roots of the equation gx* ~hx~1|=0 where g and h are constants, are
& and B, find the value of g and of h. (2}
h . Alternative solution:
A+ f=om -
4
! 5
| _A o x 4o
£=" ST
i L YE TR,
:.h=-§- ....... el 1) 5715
1 gt - hx ~l=0
afi=—
-4
~16
2.0 S
6 g |
s
Lot -
| <18
Sub g=-—3-§ into (1) k___g_
I . IS
ulo },=-3—'!'6
5
=23 :
15 ' t
L)

{b) Find the range of values of k for which (k+3)x’ +kx+1 is always positive for all
real values of x. (4]
(k+3)x" +hx+1>0
Since the expression is always positive,
k+3>0 and b —dac<l
k>-3 K -4(k+3)(1)<0

K -4k -12<0
(k~6)(k+2)<0
n=2<k<b
Hence 4>~ and -2 <k <é§
.. the solution is =2 <k <6
VICTORIA SCHOOL [5/S4PRVAM2
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“7 v Answer the whole of this qucstion on-a sheet of graph paper.
The table shows expcrimcntal-vnii'lcs of two {arial;lcs, xand p.
X 0.4 06 |- 08 1.0 1.2
y 2.22 2.!3 1. I 97 1.73 1.37

It is known that x and y are related 5)' the ¢ cquanon y' =(ax +1)x ~b, where a and b arc

constanis,

(1 On graph paper, plot {* -x) agamst .r’ usmg aseale 02 em ™ gepresent 0.2 unit’
onthe x* axisand4 emto rcpnscnt i umt on lhe ( —x) axis. Draw a slmght fling

graph to represent the m.manvcm:*yx (ax+l)x—

J' ~ .'

7 0360 T 060 T 0640 | 1%

1.44

y-x 453 | -x94 | 7308 1.99

0.677

(i) Use your praph (o estimate the ;'alue‘ol'f a and of b,

y'-(ax-i-l)x-—b
VP =at+x-b
P-x=ar b

Gradient = o

Gradicnt = i__:}_S_

~a=-3,00 (3sf}.

(' ~x)~intercept = =b
~b=5
nbh=-5

(i) By drawing a suitable siraight line on your graph, solve the cquation {a—2)=—

(a-2)=152 N
at -2t =leb

a’ =b=72x"+]

Draw y* —x=2x" +1

From graph, x” =0.8
x=1 0894 (3sf)’ -

VICTORIA SCHOOL IS/S4PRYAMA
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12
8 A picce of wire 160 cm Jong is bent to form the shape shown in the figure, :Thisshape
consists of 8 semi-circular arc whose-diameter is given by the length DE, and a right-

angled trisngle ABC on the opposite ends 6f a rectangle of length y cm. The length of 8C
and AB arc 5x em and 13x om rospectively,

E J

D L .
(i Express yin tgms of x. - P 2]

AC= J(l‘.'ac)1 ~(s2f =12x¢ -
Peritneter of figure = Length of wire
2?*%‘25‘41i3x+5x=160 R

2y+6rx+18x =160
y43mx+9x =80
5 y=80-3(7+3)x

A
?
t
P
'
)
'
B "-‘
T
B
x|
¢

() Show that the rea caclosed, A em?, is given by 4 =960x-6(37+13)x". (2]

A =-;-Ir(6.t): +y(12,r]+-l£(5%)(12,): - ;
=18t 4302 +12x[80~3 (7 43)x]. 1 T :

2 (187 430)x" +960x ~36 (T3

=18 +30-36(x +3)] @ 45605 v, 1

= (18430367 ~108)2 49605, . - &

= (-187-78)s +960x . EL il

=960x-6 (37 +13)x" i

VICTORIA SCHOOL 1S/S4PRYAM/2
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A=960x~6(3m+13)x°
%-—-960-;2(3::4-13);

For stationary value of 4,
d4

=0 )

960-12(37+13)x =0 T,
=260
12(37+13)
=1.567
=3.57 (3 sf)

Gii) Determine the value of x for which 4 has a stationary value,

v Ak Y]

(B33~

(iv) Find the stationary value of 4 and determine if it is a maximum or a minimutn value,

Stationary value of 4 = 960(3,567) 6 (37 +13)(3.567)
~1712.39
=1710 (3 sf)

d'a
'a'x—:=“12(37f+13)

1
since o <0, A is a maximum value,

(3]

2 \
9 (a) () Provethatcosde cos24 +tan Asin 4.
cos A
RHS=59-5—2—1+ tan Asin A4
cos A
2e05° A-1 sinA .
= + -sin 4
cos A cos A
_2cos’ A=) +sin’ 4
cos A
- 2cos’ 4-1+t-cos’ A
cos A
_cos’ 4
cos A
=008 A4
=L HS
ViCTORIA §CHOOL I5/54PRUTAMN
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9 +(a) (i) Solve, for 0°< AS360% CosA—tan Asin A=~I. | 151

cosA-wnAsin A =~1

cos2A

.—-=-—i

cos A
" 2c08' A~l==cosA

2cost A+cosA~1=0,.0 .

(cosA+1)(2cos4~1)

cos A =] or

A=I180°

=1

=0 -
- b .l. " s .- I N
. o cpsﬁ;=—

. . v ' 2
L. a=607

Ta o AnEDs,360°-60°
L3 e, 300°
R S -

-ay

(b) Given cog8w —-3- and & isinthe lhir&"qua.‘d;ant. Without using a caleuletor, find the

value of eosg-

, o . 8 s
Since 90 <-i-<l35°, cos-f=_-:..__

]
1

VICTORIA SCHOOL

e
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180° <8 <270

e 90°<-§-<t35°

o

{0

238
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310 (n) Solvethe cquatioﬁ 108, -i— =log, x~log, (9x—-2). (31

log, %-— log, x—-log, {9x~2)

' 1
log, (9x—2) =log, x~log, 5
log, (9x~2) _ tog, (x +.1-)
log, 4 2

o8, 9x=2) (Zx—Z) =log, 2x

log, (9x ~2) =2log, 2x
log, (9x-2) =log, (2x)
5 Ox =2 =dx?

45 --9x-;—2 =0
(dx—-1)(x~-2)=0
4x-1=0 or x=2=0

I
x=w— of xw2
4

(b) Qiven that log, {x+3)=(log, y)(log, 2) =2, express ¥ in terms of x. £3)
log, (x+3)~(log, y){log,2) =2 | tog, (x+3)~(tog, ¥){log, 2} =2
1 log, 2
Iog,‘l(x+3)-logzyxloglg=2 Iogl(x+3)-log,yxm=2
log, (;+3)~LQ%L-K=2 log, (x+3)-li%1—z=2
3log, (x+3)—log, y =6 log, {x+3)-log, {fy =2
)]
log, (x+3) ~log, »=6 log, (x+3 "
| {x+3) 6 : Yy
0% v = (x+3) =21
(x+3r _25 y
b4 ) (x+3}s :4)
64y=(:<+3)’ y
3 (x+3)
- (x+3) y ,T
64
VICTORIA SCHOOGL 15784 PRUAMID
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19 (¢) (i) Differentiaie Incosx, . 153
d -sinx
—Incosx =—
dx COSX
=-—tanx

(i)  Suate the principal value of tan™ ), giving your answer as o multiplo of 7. [1]

Principai value of tan™' 1 ﬂ% :

y
F Y 1
i
i
I
1
I
]
LI
-1
]
. ]
]__ - I
of ~z I i st 7
6 4, i 6

The disgram shows part of the graph y =tanx, The shaded region is bounded by the

curve, the x ajls, lines xa%’ and yal..

(i) Using ypur cesults from (T} and (ii), or otherwise, find the area of the shaded

 region, [4]
| Arca=_{}tanxdx+(-";—“l;£j
H 6 4}
. Jro ok
==|lncosx|} +—
[ ]f 12 o
T gt T
=~ Incos=~=Incos— j+—,
4 C6F 2.
b
=~lt==tin——t— .
S22
2 2 12
=2.04 units® (3sf)
VICTORIA SCHOOL IS/SAPRVAMSZ _
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oY 77PN 2P0

A L-shaped structure, OPQ, can be rotated about O. 0P and PQ measures S m and 1 m
respectively, OP makes en acute angle, §, with the ground,,Given that L m is the shortest
distance from Q to the wal, ' '

() showthat L=5cos8—sind, 23

m38=£¥-
5

PY=5Scos8

sina-—-fi}-{——

PX =siné

LL=sPY-PX
=5¢c0s0~s5ind

() express L inthe form Rcos{&+a), where R>0 and D® < a <90°, 3]

L =5¢co58-s5iné

= Reos(8+a)

= ReosBcosa ~ Rsin @sina
Reosa=5 1}  Rsing=t .-(2)

(' +(2):  Rlcos’a+R'sin’ @ =5 +1?
R=J26

=5.10 (3s6)

o
e
et
-
@,
=
2

i

_—
o —
=
g
=
[ —

=11.317 (2dp)

L L=510cos(0+11.3°)  (3sf, idp)
VICTORIA SCHOOL JSISAPRYAMS
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18
“11 (3ii) state the minimum value of L and find the coresponding value of 8, (3)

~ Minimum £ =0, when cos{a9+li;3l°)=0
g+11.31°=90°
£=73.7° (1dp)

(iv) find the valbe of 8 when L=, ) (2]

3=6cos(f+11319) - .. .
3
g+11.31°) =
=cos [ -2 )=S396°
& =CO0s (72-3 . ’ . :..
@+11.31%=53,96° ' '
6 =42.7° (1dp)
(v) oxplain why the maximum valué of £ is not R, 13

If L=R then & <(® Since 0°S8<90f, Somaximum L2 R
[ Since 820°, maximum L occurs when 8'=0° maximum L =S5, |

Ertd of Paper -
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