2015 Sec 4 Amath

Anglo-Chinese School (International)

Anderson Secondary School

Anglican High School

Catholic High School

CHIJ Saint Joseph's Convent

Chung Cheng High School (Main)

Fairfield Methodist Secondary

Holy Innocents' High School

L N o T IR T I S L (Y Sy S Y N T

Nanyang Girls' High School

Paya Lebar Methodist Girls' School

11

Swiss Cottage Secondary School

12

Tanjong Katong Girls' School

En |

i

Temasek Secondary School

14

Victoria School

Need a home futor? Visit smiletutor sg



Rum
Stamp


Name Class Index no. Calculator Model

DEYI SECONDARY SCHOOL

f‘ﬁm

& A |

SO

i oS

Preliminary Examination 2015
Secondary Four Express / Five Normal Academic

MATHEMATICS 4016/01
Paper 1 28 Aug 2015
1040 — 1247h

2 hours

Candidates answer on the Question Paper.
Mo additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your name, class and index number in the spaces al the top of this page.
Write in dark blue or black pen in the spaces provided on the Question Paper.
You may use a pencil for any diagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid / tape.

Answer all questions.

If working is needed for any question, it must be shown with the answer,
Omission of essential working will result in loss 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, the answer
should be given to three significant figures.

Answers in degrees should be given to one decimal place.

For m, use either your calculator value or 3.142, unless the question requires the answer in terms of .

The number of marks is given in brackets [ | at the end of each question or part question.

The total number of marks for this paper is 80.
For Examiner's Use

80

—_— e

This document consists of 16 printed pages including the cover page. [Tum over

Need a home tutor? Visit smiletutor.sg



2

Mathematical Formulae
Compound Interest
g i
Total amount = P[ Hrfr i'
L 100,
Mensuraron

Curved surface areaof acone=nrf

Surface area of a sphere = 4"

Volume of a cone = lm‘;h

E

3
Volume of a sphere = —mr

3 Ry
Area of miangle ABC = -;ai:-sm C
Arc length =r#, where # is in radians

1.3 L .
Sector area — el &, where # is in radians

Frigonometry

i _ b C

¢gind sinB sinC
4 2 ]

a-=b 4+ —2bccosA
Statistics
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Answer all the questions.

6.7 —V4.8

1 (a) Calculate ——m .
20.15-1999

Write down the first six digits of your answer.

Answer (@) ......iieiiees ceeevaiiin 1]

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

Answer (B).......... . AR 1 5

2 Write the following in descending order.

54 5
e Vo512 0.77¢ 0.802

Answer ... 3 . 2]

3 Giventhat 9x27 "=1, find the value of n.

Answer n=......oooiiiiiiiiniiiien 21

4 The sine of an obtuse angle is 0.6.

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

ARSWET i i, 2]

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

Calculate x.

ANSWEr: F=sjooliinliviig o Ll [2

6 Brian is leaving Singapore to further his studies in the United Kingdom.
In Singapore, the exchange rate is | Singapore Dollar = 0478 Brinsh Pounds
In the United Kingdom, the exchange rate is | 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]

Need a home tutor? Visit smiletutor.sg
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7 Matthew bought a new car. At the end of each vear, the car’s value depreciates by 10%.

The value, $C, of the car ¢ years after being bought is given by

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

Answer (@)% ... Bl ovi (1]

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

Amswer (B) .ociiiannnnn s annee 39 FE]

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.

[Turn over
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9  Dawn invesied 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.

Answer 9§ ... e 3]

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

identical unshaded rectangles.

4 X

.
T

v

+ 40 ¢cm

The shaded area makes up two-thirds of the unshaded area.
Fiud the lengths labelled x and y.

ARSWPT = e .. €m
W= pernapanian .cm [3]

Need a home tutor? Visit smiletutor.sg
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7

Mr Tan decided to buy a laptop 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 monthly payments of $140.25.

What is the selling price of the laptop?

Answer $....

[3]

12

Two points F and () have position vectors p and g respectively, relative to an origin (),

_3 e
It is given that p = d g= !
prentey (4]“ 1 [GJ

Find

(a) -"’Q in werms of &,

Answer  (a) P_Q. = e

(b)  the possible values of £ if OF and 00 are two sides of a rhombus,

Answer (BYk=............

Ll

[Turn over
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13 £={integersx: 1=sx<12}
A= factorsof 12 }
B = | multiples of 4 )

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

Answer (a)

| S, 7,9,10,7

2]
(b) Describe in words what the set (AU B) represents.
Answer (b)) ..
“m
p
14 A train 45 m long passes through a tunnel 6 km long.
The average speed of the train is 27 km/h.
i) Change 27 km/h into m/s,
Answer (a) ........ cweveinwy 05 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 (D) .. minutes ... ;EEands [3]

Need a home tutor? Visit smiletutor.sg



15 Simplify

(a) 282y 162y,

Answer @) iowin A g [2]

Answer (B) v ianie. HE ETG [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.

15 16 17 18 19 20

95 | 96 | 97 98 99 | 100

The U-pumber is used to refer to 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.

ta)  State the largest possible U/-number.

ASWET () iaiicissiaonsseiniasaaa [1]

(b}  Write and simplify an expression, in terms of n, for the sum of the numbers in U,

Answer (D) ..., . (2]
(¢) Find the sum of numbers in Lss.
Answer (€)......... iy TH
[Turn over
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17 The resistance of a wire, & ohms, is inversely proportional to the square of its diameter, d pm.

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

Answer  {a)
N &
P
0 +
For a fixed length of wire, the resistance is 25,6 ohms when the diameter is 50 pm.
{b) Find the equation for X in terms of .
Answer (MY R= ... ; TN oA
(¢} Another wire of the same length has resistance 120 ohms.
Calculate its diameter.
Answer (€ .oeeiinn, wvs pessume [

Need a home tutor? Visit smiletutor.sg
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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.

il

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

Answer (@) ....... . seconds [2]

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

Answer (b)

heptlh 154
(cm)
T L
0 20 60
Time {seconds) (2]
[Turn over
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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.

(a)

(b)

(c)

el

Before _ l—— _ i

After F—— —
b gtk — g -} }

R Pt EE e T ;’
| 60 65 70 75 80 85 90 9

.
-

IJ‘-_

Find the interquartile range of the distribution before the camera was placed.

Answer (@) cocveieien 0 ceevieeen km/h [1]

Find the interquartile range of the distribution after the camera was placed.

Answer (I S cocsssaiane JIVE TT]

After the camera was placed, 25% of the motorists were issued with traffic summons fou
excecding the speed limit of the expressway

What is the speed limit of the expressway”

Answer edooiiinil e kmvh [1]

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) .

Need a home tutor? Visit smiletutor.sg
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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,

The postage for each letter, postcard and greeting card is $0.30, $0.40 and $0.30 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 §=PQ.
Answer (Y8 = 2
{e)  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 1o stop on one of the sectors.
(@) The pointer is spun once.

Find the probability that it stops on an odd number.

Answer (0 .ocvvanann RS |

(b} Aysha spins the pointer twice.

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

Answer (B oveneenin, . - [2]

{c) 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.

Angwer (Eroasaasn colamiaiaiie. [2]

Need a home tutor? Visit smiletutor.sg
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22 Benjamin has 165 identical cubes of sides 2 cm. 4 |5

(a) He uses some of the cubes to make a cuboid which rfli“éﬁ's‘u’fe_sg m by 10 em Hy

Calculate the total surface area of the cuboid.

(=

Answer (8} ...cccvvicenrions ..em’ (2]

(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 (DY coviiiriaise, R 4

(¢) Benjamin uses all 165 cubes to make a cuboid,

Find the dimensions of the cuboid.

Anywer (c) ...... cemby oaooembyi. Cem [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 dxsl1 B

(@) The perimeter of this quadrilateral is given by the expression (11x419) cm.
Find an expression, in terms of x, for the length of DC.

Give your expression in its simplest form.

Answer (@) oo ceevennecme [2]

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

\nswer  (h) cm [2]

(¢) Calewlate the area of ABCD if AC = [10x—6) ¢m

Answer (€} ovoenn.o, e em [5]

END OF PAPER
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Mathematical Formulae

Compound Interest

’ \it
Total amount = P |+ U J
100

Mensurarion
Curved surface area of a cone = arf

Surface area of a sphere = dur’

1l =
YVolume of a cone = 5 rh
-
Volume of a sphere = A nr

1
Area of triangle ABC = ?ﬂf}Sil‘I{'

Are length=r#  where @ is in radians

, I o
Sector area =— r°f, where @ isin radians

Trigonomerry

a b {
sind  sinB sinC

a*=bh +* - 2be cos A
Staristics

Mean = L

Zf

% _[zfx]z
LS

Standard deviation = JT
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Answer all the questions.

1 {a) Calculate M

20151999

Write down the first six digits of vour answer

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

Answer

fa127oolq/ -

(1

-
Answer UJ)D-'TO‘-'/ [

2 Write the following in descending order

54
V512

67
0 8069 0%

5

0.77¢
0 804253

0.802

oh

o -Fo2

“o.si

8
—_— &

3  Given that

9x27 " =1, find the value of n

Ix27 "=

-n
Ix(z*) =

L-3n= 2 /
- 3
E '5;! ARDWEE. T i i T s (2]
n="3.
o
4  The sine of an obtuse angle is 0.6,
Without using a calculator, find the cosine of this angle.
SiNL.=0.6
S ATy
i
T <
- o
ANSWer .................... D e 2]
i [Turn over
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The diagram shows a sketch of a regular hexagon and a regular octagon.
Calculate x.

(62 o’

-

— = Er¥

( &-Lpu#D ;

% = — ;
g

L=

360" 135 —i20 =087

AJIWeEr X= i \Z2 L ...... 2]

6 Brian is leaving Singapore to further his studies in the United Kingdom.

In Singapore, the exchange rate is | Singapore Dollar = 0.478 British Pounds.
In the United Kingdom, the exchange rate is 1 British Pound = 2.113 Singapore Dallars

Brian would like to change 2500 Singapore Dollars into British Pounds.
How many fewer Briish Pounds will he get by changing his money in the United Kingdom?
s¢ 2500 = Ixp 475 = Lel4s
ghzsmo IS X &1 = £ 183 5907

S5 - & 183.15191 7= & (1.5%80%3
= L1185,

Answer “35 British Pounds [2]

2

Need a home tutor? Visit smiletutor.sg
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tn

Matthew bought & new car. At the end of each year, the car’s value depreciates by 10%.

The value, $C, of the car r years after being bought is given by

C=85000x09".
(a) How much did Matthew pay for his new car?

£50o0 v 3% = 61765
SVgs

RSoeop-£/765 = 23035

2%03s
Bsooe = 11::’;{

Answer (a) 8 E'_;GQD /

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

Answer ”,}‘I-f']‘/ % [1)

8

Two geomenically similar solids made from the same material have masses 3.60 kg and 12.15 kg

Calculate the ratio of the area of the smaller solid 1o the area of the larger solid.

respectively.
3IL.D1'"’E.L. _1_'-1)":3&
kt-z,ls “ ok hy 2.1
£ _ A A .
721 -”T; "‘:L
A(t'.ﬁl e O
54':?‘13‘5' 2:3
(i',)i— A,
b i ",a_l
(_"_Z_;t
Y

Answer ...

4:4
S N 7 B

[Turn over
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Dawn invested some money in a savings account that was compounded every six months.

The rate of compound interest was 5% per annum.

Atthe end of the 4 vears there was $14620.83 in her account,

How much did Dawn invest in the account at first?

Give vour answer cortect 10 the nearest dollar

-

il = 1;3
CARE S 5‘&-‘1"{-’"-,;-‘5__}

= {14420 B3

P =411197.5760¢
2412000,

Answer .. |2C‘GD\/ [3]

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

il —

+ 40 em >

The shaded arca makes up two-thirds of the unshaded area.

$0 - & ( #-25E714286) = |4 28571429
Find the lengths labelled x and v,

al4.2
¥ ey=4o0 Py
ﬂ : F
'{"t fhe W‘O" each s‘ﬁo"ﬁci rectingl€ be z . Sz=2(6y)
31”1113
5(:;2} +5{Ez:l: 1:41‘5
S5z ~2x3 =5(5yz) ﬁlﬂ:‘:ﬂ)
u":
7.52z =2uz ey =
% =40 ~by :i%
7.5 (#0-64) = = 252
30054z = 25y, SN o] H‘ % ; w:|' 6 N
2002 - 4542~ 15yz =O P o L
300z - yz =0

z {300 -704)=0
¢ I Need a home tutor? Visit smiletutor.sg
i 5""‘?!‘}[1 () oy

e
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Mr Tan decided to buy a laptop 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 monthly payments of $140.25

het selling peice be-x
5% xx + 24 x}140 25= $290¢
15% s =4 540
« =83600,

What is the selling price of the laptop?

M?ﬂfb ?n‘wrbg x
5% xx + 24 % $#0.25 =§390¢

% ¥x = §3741.75
= $24745

Answer § 2"‘“’53{360{) |31

Two points P and Q have position vectors p and q respectively, relative to an origin €

-3
It is given that p = [ 4' J and = [ﬁ]

e % = 6 + 04
ta) F-H i sof k, == —-{"?’ 3
al €} in tf_'fz;]? 3 P I:(DJ
| — '. } f(q h;)
B -

O __HHJQ | - t 5 r:

: #
1 snwer @7 =..... (2] XCeAn

(b)  the possible values of & if OP and QQ are two sides of a rhombus.

r
10F) < fE> s

=

il

Answer (B) k= 5 or '"5 2]

[Turn over

Need a home tuto;'?Visit smiletutor.sg




13 £={integersx: 1=x<12 | Atdie,e 1";;,.;!.:;"
B: %

14

A= factors of 12 )

B = | multiples of 4 |

fa}  Draw a Venn diagram to illustrate this information.

Answer (a)

5,7,9,10,0

(2]
(h) Describe in words what the set (AU B) represents.

Answer (B The. et {AU EJI Clepre@mis .’;\.“ . ﬂ‘ﬂ : fﬁlv.*f‘ﬂ.h“f—’ﬂ-?. H‘I" A not i

Ser A and ® combined. X T wprecants the set o aumbers fhof ]
afe neither factors of 12 nor mUl'h’Pk’S of 7.

A train 45 m |ong passes through a tunnel 6 km long.
The average speed of the train is 27 km/h,

ta) Change 27 km/ inte m/s.

Anywer {a}?g .. U 1]

(b}  Calculate the time taken for the train to pass completely through the tunnel.
Crive your answer in minutes and seconds, to the nearest second.
COOONAH 5= 60F5m

£045m = T-5m /s = Y065
= |3 manutes 2-‘;5-555:;

P
Answer (f}].,l_.f?v‘iénumﬁ...?:ﬁ._ onds [3]

Need a home tutor? Visit smiletutor.sg
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15 Simplify
(a) 28x°y 7’ +l6x'y?, + -1
e @ _ 2h
l&'mzuﬂ "'*—: 1634?}&1 = = :j__l
15 It
- 2 |
. 2mx?y 2z /
“;z;ﬂz Answer (@) ............ 0% PR SRR 4
2 3x -
ihi s : 4 z
x-3 ¥ =9 =4 4
2 (#t2) +
&-96i3) 75
2 titie
E =P (=x+3)
57 +6 Sx+é /
T 39 Answer (b) ... .2%1 7 . 7]
&
16 The numbers | to 100 are arranged in a table as shown below.

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

15 6 17 18 19 20

95 | 96 97 98 | 99 100

The U-number is used to refer to 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 U-number.

Answer (@) oviiin S (1]

(b)  Write and simplify an expression, in terms of n, for the sum of the numbers in U,.
o= tod | +n+9 o4 40411 :5,,,1—3,%

(¢) Find the sum of numbers in Uss.

[Turn over
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17 The resistance of a wire, R ohms, is inversely proportional to the square of its diameter, d pum.

(a)

Sketch a resistance-diameter graph for the wire.

Answer (a)

H&

0 —q

For a fixed length of wire, the resistance is 25.6 ohms when the diameter is 50 pm.

(h)

{c)

Find the equation for & in terms of d.

SHOsd)
R = =75
s4o08
Answer (B)R=_..........4 2
Another wire of the same length has resistance 120 ohms,
Calculate 1ts diameter,
|26 = 002
d F3
d = 53 07#0l077
w231
-
Answer (c) 25|

o

== ———

[1]
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18 A composite container made from a cyvlinder 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
(e == Chioder
Ti}"tﬂl V =4 cnite
"ir — |I Leatt

fone

+ ot time =155,

{a) Find the time taken to fill up the cone.
+uc?h + w2k = Gl
Since the volume of 1he core s 3 o e oylbder, e ime ety 4o
Fill wp tho cone will be § ol 4he 4ohul fine .
1]
JKEOs 243-.}
2O XIS

Amswer  (a) seconds 2]

{hb)  Sketch the graph of how the depth of water in the container varies during the 60 seconds.

Answer (b))

&
0 eezzn
—_—
Is
Depth . .|
{cin) 15
0 20 60 =
Time (seconds) (2]

[Turn over
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19 The diagram shows the box-and-whisker plots for the distributions of the speeds, in kmvh, of 100

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

1

| Rﬂférﬁ L L— o I
Hem gbatiin N
Afier F—— —

| t* 1 1 1 L e
e D s ey ey 1 [ T -
' ﬁp 65 ?_ﬂ' T5 R0 BS 90 "}f:'l

o W

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

Answer (a).... lD ... km/h [1]

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

Answer () 1 . km/h [1]

(e} 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?

s

/

ARSWET (8) v EO. .y (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) Jes,the sfeed comem has been etfective. The uppel .{!'{'.'!1.*. e " fhe mota (i3t speedds
akeC.the. comeavns glaced is. 8Ske/R Bekore the camemy was placed , the wpper imit
ves,it hes been effective, . Th mﬂlfﬂ.ﬂ and 4he Iﬂfﬂguorﬁfe (eng€ are

lower after He awerg was pfnﬂfﬂ-
Need a home tutor? Visit smiletutor.sg
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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,

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.

FVq 2

Anzw P=
er (a) (T 3%) \./

0-3o /
Q= oo 2]
) 0.5%0

{b) Evaluate the matrix § = PQ.

S=PR
:(g' *s? :f (%E)
a 5,?)

4.%

c.¥%
Answer (B)S= @ ( {-_g) [2]

(c)  State what the elements of S represent.

Answer (c) R ckuerts ok S _opets o amount of money Abfahan and

Lincdn sgent on_ postage respectively. X Thees opreceat Ahe tetal goctose (1)
paiﬂ bﬂ Ab@bam end Linceln respechively -

[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 one of the sectors.
{a) The pointer is spun once,

Find the probahility that it stops on an odd number
2

—

PP T . [R5, 1]

(b}  Aysha spins the pointer twice

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

(e
& o 62
o x
7 Answer f.uJEriW [2]

(c)  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.

(4 )+ (3; ) Jr({!f x7) *[%Xﬁl—)"' [Ex3) = El:ﬂ.;

¥
Answer (c) %i 2]

Need a home tutor? Visit smiletutor.sg

0

-



15

22 Benjamin has 165 identical cubes of sides 2 cm.

Calculate the total surface area of the cuboid.
(BN 4) Hiox \4%2) = 72%
- 7

_,f’...-.l [
o% 4%+ ZX14x2+ 8 xjoxw U
= 66 ‘f'-:m:_r -
66F
Answer (a) ?2'%5"} em” [2]
(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?

B 2= 3%0cm 5ls =65,

J3vo =lE. . . K5 - |26 =40

S¥—2r=% ‘-;\fq__,_;,‘_—_ [

Nge s,

=

S T

33%0-334=6

3:“;":; / Answer (b)) ... Ci?{‘ [2]

7

(¢)

Benjamin uses all 165 cubes to make a cuboid.
Find the dimensions of the cuboid.
2165

5155
WUl 1

1

[Turn over
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2} Expressions for the lengths of three sides of a quadrilateral are shown on the diagram below .

All lengths are in centimetres,

o dr+1 b
(a)  The perimeter of this quadrilateral is given by the expression {1 1x+19) em.
Find an expression, in terms of x, for the length of DC.

Give your expression in its simplest form.
Hae#l = 344 + [6-2+%2+] +DC

et = 6x+20+0c
Sa~2=0C

Answer (@) 2 2 /

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

AR =AD
fat| =344
T = B
4(3)+1 =13
W3 =E o
-'_:’gi:}(.ff_ = L‘-‘-. ."’lH.T"I-'I-"t"f 'H'f g ‘? 2 __.,»:'ll cIn i_-_'i
{c) Calculate the area of ABCD if AC= (10x—6) cm.
Ac=(10z-4)cm AC =10(3) -6
‘@ﬂc’?}"éj(m = 24
= 24-cm AB =434
28 -2=1- ;: e -
I A= i
(L sz x 24 2 =258 '3 BT A1) 2)cos JAB C

E76 = 2up— S38 o1 ZABC
XAS(=(24.760270|

2 (13N(R)in 134-760270( = (O ¢

6Ox 2 =| EO‘:}
Answer (c) ‘lh'&’x[?‘_{)cm; [5])
END OF PAPER
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Mathemanical Formulae

1. ALGEBRA

Chvadraric Eguation

For the cquation ax” +bx+e =0,

_=bd Jb - 4ac

2a
Rinomial expansion

(a+b) =a"+ ( J *’b+{ ]*'zb"-+_._+

n!

rﬂn—rp

where n 15 a positive integer and [ ] =
r

J!I ne=r L
[+ - S Y
-.r-

. nin=1).An=r+1)

r!

2. TRIGONOMETRY

Ideniities
sin” A+ cos’

A=1

see’ -I= | +1an” 4

cosec A=1+cor- A
sm{ At B)=smAcos B+ cos Asin B
cos{ A+ 8)=cosAcos BT sin Asin B

tan{ A+ i) =

lan . A+ 1an f

I+ tan 41an B

sin2A=2xsin Acos A
cos2d =cos” A=sin” A=2cos A-1=1-2sin" A
2tan A
tan 2.4 —
1-1an" 4
Formulae for AARC
] b c

s A smE s

a- =b" +¢" = 2bccos A

]
A=—pghsmC
2

ACSrIndependent)Math Deptd Y4EAM L2005/ Prelim
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1 The sides AK and HC of a triangle are { 23 4 2J6)em and (842 - 2)emrespectively and
ZABC iz 607, Show that the arca of A4BCis (p+ [}"\I‘IE}L'H‘I where p and ¢ are constants
io be determined. 3]
2 Find the range of values of k for which x° + 2k(k + x) > 3k + 4 for all real values of x [3]
3 Solve the equation |2v =34+ 6x = |9 — 6] + 4. [4]
4 The polynomial f{x) is divisible by {2x — 3) and leaves a remainder of —2 when
divided by (x —1). Find the remainder when f{x) isdividedby 2x° —5x+3 [4]
5 The disgram below shows the graph of ¥ = ¢+ gcoshx where a, b and ¢ are constanis.
Vo
: \
- >
v X NI«
& 2
(i)  Use the graph 1o determine the value of o, of b and of ¢. 13]
(i) By usimg the values of ¢, b and ¢ found in (i), determine the equation of the
straght line that needs 1o be drawn on the same diagram 10 solve
T
secby = —20 121
X—Ic
1€ S independenyMarh Deptr Y4EAM 201 5/Prelim | Turn Over
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4 2 .
r=2x"=x+3 A I
[ {iy  Given that T——,; = x+ + = . where 4 and 8 are constants.

x5 =2x+41 y—1 [x-1¥°

Find the valoe of A and of B |4]
) =2 —x<=4
(i Hence find [~————d. 13]
¥ —2x+1

T The roots of the equation 2x° —8x+ 3 = Oare « and [,
(i) Express A ¥ + ,fl': m terms of e + Jand aff. [1]

{ii)  Find a quadratic equation with integer coefficients whose roots are e’ and ﬁ'", [6]

8 {a)  Findall the values of & between 0 and 3607 for which

] it 1 a
——— + 3g5in—cos— = 14]
EECT X 2 2

(b)  Fmd all the exact angles between D and 7, which sausfy the equantion

T Al .
sinfy— =) —ros— =10 [4]
5 10

d7 ) ;
9 A ¢uirve 18 such that % 16cos 2o — dsimdy —8 and the gradient of the normal 16 the
oy

curveat x=— is 'l
4

|.|rﬁ"
(i TFind K|
iy
. dv
{iiy Hencesohe —=21for 0< x<]. 16]
dv
10 (i) Solve 2+Infd—x)=1) 2]

(i) Skeich the graph of v = 24 Inf{d = x) showmng clearly the asympiote and the
v-iniercept. [1]

(iii) Find the area of the region bounded by the curve ¥ = 2 + In{4 — x), the v-axis,

the v-axis and the line x = 3. |5]

ACSH nde pendentiMath Dept/ Y4E AM 200 5:Pretim
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i The diagram shows a quadnilateral OABC

¥
r
B
M
A2k, 3k)
N
C
0 o
The coordinates of A are (2&, 34) and the lengih of O4 is /52 units.
(i) Caleulae the value of & (2]
A8 s perpendicular 1o O4 and & hies on the v-axis,
{ii)  Find the coordmates of A. 3]

CM. the perpendicular bisector of A8, cuts the v-axis at ¥ and €C 15 parallel 10 A8,

Find

(iii} the coordinates of C, 13]

{iv)  the ratio of the area of the mangle CN 10 the area of the tnangle OCS. 12]
ACS fndependentiMath Deptd/ Y4EAM 17208 5 Fretim ‘C‘ | Turn Over
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‘.r - -
E 2x F
.
g :
. .
5
1\
- -
s ‘\
e i £
o 3
. -
'h- .,'
:
- "'
:
”
Ll "-
o G -
1 y
- -
g
/

he dagram above shows g square prece of cardboard paper A8CH of side 4 V2 merres
Imangles AED. AFH. DHC and BGC are cot off Teaving a fipure 1o the shape of a square EF G H
of side 2x mevres with 4 idenncal sosceles mangles anached 10 the sides. The height of each
angle s hmetres. Mark wams o {fold the paper 10 make a pyrand wih EFGH as the base.

2]

() Show that =4 —x.

[4]

. 8 . —
{ii}  Show that the volume of the pyramid . Voo . s given by V= 3—.‘( Va-2x.

(iii)  Hepce find the maximum volume of the pyramad, [4]

i Proaf of maximm is not reguired)

emrrmrrmmsrnsrenneene END OF PAPER 1
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Moarking Scheme for Additional Mathematies 2015 Prelimimary Examination Paper 1

Area =

bd | —

= (V3 +6)(8\2 - 1}%

= (676 =233 + 8412) /3

. 2

=942 +14+/3 » =

=942 + 21

(243 + 26 )82 - 2)sin 60

x4 2k(k+x)>3k+ 4
D<)

X +2k7 +2kx-3k-4>0
Ak —A2k7 -3k -y <0
-4k +12k+16<0

k' =3k -450

k<=lor k>4

2x=3+6x=10—6z+4

2% —3/—|9—6x] = 4 bx
Px-3-32x—3=4-6x

[2x—3| =3x—2
2x—3=3x-2o0r 2x-3=2-3x

x==Wna)or x =1

flx)= (2% = Sx+3)0(x)+ar+b
=(2v =3 - DN x)+ax+ b

3

:n+b:ﬂ
3e+2b=0-—————— (1)
a+h==2=---—(2)

Solve:a=4, h=-6
The remainder 1s 4x —6

y=c+acoshx

a=-3
Period 1s 7. Therefore b= 2

e=3

Need a home ElE)r? Visit smiletutor.sg



(n)

aT
sechy =
X=C
x=-2r
cos2x = —,
- YT

~dreps2yx=x-27

2r—3mcos2x=x

2 --3(:{':52_1‘:E

s
1
Draw y=—
a
(1 x> —ZIJ—I+]- A B
3 =&+ + 3
¥ =21+ =1 (x~1)
* ds: . 1 By
By long div, £ —,E3T E =x+ I=2x
ar =2x4 (x~1)°
3-2x 4 B
(x=17 x=1 (x¥-N°
3I-2x=Alx-1}+ B
Sibx=1:B=1
Compare x: 4 =-2
2 —x—4 5 7
(i) [1' z - —d% Il[t— i J - —Jifx
1 2y 41 ¥y=1 {x=1}y (x=1)
- J - 2In{.t~l]:-—ﬁ +
2 x—1
(1) 25 =8x+43=0
a’ —aff+ ' =(a+ Blla + )" —3af)
a+ =4
3
nﬂ:i}_
; 9
a’+ ={4]I_']f!'—;}
= 46
i) | o'p = '%?-

= 27
= dbx+—=10
8

8x° —-368y+27=0

Need a home tutor? Visit smiletutor.sg




(2)

~

. X x
+ 3sin—cos— =10
sec” x 2 2

, 3.
cos’ .r+;smx=ﬂ

2sin” x=3sinx=2=10

; 1
$inx =-——
x

x=210", 330°

T T
(b) | sinfx—=) = cos—
3 10
.
=sm(— - —)
2 10
. 2T
= §in —
5
# 2z 3
r——=—,—
5 5 5
In 4n
=
5 5
d’y . ;
(i) —‘ = 1bcos” 2y —d4smdx—3
v’
dy .
Bt j“f'ﬁL'Hﬂ 2y —4d4smndy - Rdy
r-'r.'l'
: [fﬂms#.w d4sindx) dx
= 2gindx 4 cosdx + ¢
grad af tan gent = —|
—-1=2sinr +cosxr +¢
c=0
4 =2sindx+cosdy
dx
i11) 2sindx + cosdxy = Rsm(4x+ )

R=+5 and a =04636

V5 sin(4x +0.4636) = 2

sinf4x + 0.4636) = 0.8944

4y +0.4636 =1.1071, 2.0345,
v =0.161, 0.393

zl
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(1)

2+1In(d-2)=0
In(4-x)=-2
A-x=¢~
x=3.86

(i1)

-

(i1}

y=2+4+In{4-x}
d—x=e""
t=4-e

Arew =1 »

VO I

R -]

=6+ [8+4nd-4-7]

= 8 35umits”

6+ [{4(2 +ind) - i e ¢ . IJ]

(i)

fak? vk = J52

W
137 =52

k=2
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(1)

{in)

()

Grad of OA =

-
e

b= 4/3

C(-2 )
3

M 15 mudpt of AB, MN// AO
By midpt thm, N is midpt of OB
-~
Therefore a0K! = =
AQCE 2

(1)

(11)

(h+ %) +(h+x) = (@2)
Ah+ ) =32

(h+x)=4d

fi=4-x

Let t of pyrammd be v

Need a home tufe#? Visit smiletutor.sg




(1id}

= - rz-‘.ﬂl—z.x

lad

dV 8, 2l o oo
v 51,; [E}{_z}{.;— 2x) * + 2x44-2x]

B af-x+2(4-2)]
3 Jax
—-x+8—-4x=10
x=1.6m
Max V =6.11
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Mathkematica! Formulae

1. ALGEBRA
Chucrelratie Equention

Fos the couiation i® 4 By 4 =),
—-
s b2 b — dae
i

Brwomicl expanyion

B i ¥
{-ﬂ+-!1:r = I:I. % [nk._rﬁ"'["]‘]r:f?? +--.+[ﬂ]au-rlh‘l i . l-lr?'l
I 2 r)

where n is & positive micger ond [ ")f T"l _}I-* - n{a-1), ‘1" —r+l
vl ri{m-r) #

2, TRIGDNOMETRY
Feliwrritims

sin° A+cos’ A=1
sec A=|+1m’ 4
cosec d=1+cot” A4
sin{.A & £}« sin Acos f + cos 4sin &
cosl A+ B =cos Acos BFsin Asin B
tan A + tan B

| +tan d1an &
smidd = 2smndeos 4

lanf A4 #)

coslA=cos A-50 A=dcos 4-1=1= Fgin~ 4
2 tam A
tan~ A

an2d=

Formulae Tor A0 BT
a b r

sind  sinB  sinC
a =8 +r° - 2hccos 4

I .
A= —ghsin
Eﬂ 01

AC N Independenndfah Dep YREAMIZ0 3 Prelkin
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i Gaven that j; Sfix)dx =12 and J_‘ f(x)dx =4 , evaluate

[.12x= f(odx + [ reode 3]
I 2 -
2 The equations of two curves are y = i Yfor x=0and y=4x ' for x>0.
{i)  Find the coordinates of the point(s) of imtersection of the graphs, [2]
{iiy  Skerch these graphs on the same axes, indicating the poni(s) of intersection clearly, 2]
3 Vanables x and y are related by the equation y = TT‘_; where p and g are constants.

When the graph of x{1 + v) against ¥ is drawn, a straight line 15 obtained. The

line has a gradient of =1 .‘; and passes through the point (3. 2)

(i) Calculaie the value of poand of g 4]
{ii}  Coven that this hine passes through (6, &), find ¥ in terms of & 2]
: In(x— 3y
4 The equation of a curve is given by y = “;—ﬁ} I 3
X =
dy
(i) Find —. 1]
dx
(ii)  Find the set of values of © for which y is a decreasing function, 121
s Inyx-3 .
iii) Evaluair] — dx _leaving your answer in the form @ + bin 2.
* lx=3)
where & and b are constants. 13]
ACSiIndependent)Math Depu Y4 E(AM2:201 5/Prelim | Turn Over
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5 In the diagram. AR 15 a tangem 1o the circle ot the point B, BED is a siraight and AB // DC. The

pourits A, E and C lie on o straight line and 4E - EC=2:1,

(i)  Prove that ZBCE = ZRDC 12]
{ii} Hence, show thay ARCE s simitlar to ABDC . (2]
(iii)) Prove that 34E x CD = ABx AC . 3]

A
L he equation of a cirele, €. is &~ + V7 + ko — (A +2)y+7 =0, where & is a constant.
iy Find the coordinates of the centre interms of & [2]

Gaven that the cemre of the crrele hies onthe line 2y + 5y =11=10,

{ii}  show thot k=4 | 12]
(i) Find the equation of the circle, C-. which is a reflection of €, in the line x = 1 13]
{iv)  Explam why the two circles do not inlerseet each other [1]

ACS Independeni)Math Dept YIEAMY 200 50Prelim )
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7 The height of the tides ot a certam place can be modelled by the equation & = 2{3.15 ~ 810 k.').

where & is a constant, and ¢ is the ume in hours after midmight, The average time difference

between high tides 1s 14.5 hours,

(i)  Explain why this model sugpests that the lowest tide for the day 15 4.5 m. [1]
(ii)  Show that the value of k is ;—g . 12]
{iii)  Find the height of the tide at 2 am. 1]

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

in 24 hour notation [4]

8 (1) Given that ~I[F1x]| ...hx—l -

J_ evaluate F(3)=F(l) . giving your answer in
Ix-1

the form k+/2 . 141

T E
(b}  The equation of a curve 15 given by 3 = rusff?(% i ] where () < x < —

| e e

Given that x is increasing a1 0.3 radisn per second, find the rate of change of y with

5T
respect to nme when 1 = . [41
1
: .k !
0 In the expansion of | = = | Cwhere k15 a constant, the coeflicient of — 15 — 4608
¥ ¥ ¥
(i) Show that k= 2. 13]
: EY
(i) Explain why there 1s noterm independent of x mn the expansion of [.1' = ] [1]
X,
. . W !
(i) Find the coefficiem of x° i the expansion of { - J[ ] [4]
X
10 The gradient of a curve 1s € + l apd P{0, = 1) 15 a point on the curve.
(i) Show that the curve has no stationary point. 12]
{iiy  Find the equation of the curve. 121

The tangent and normal 1o the curve at P intersect the r-axis at O and R respecnvely.

{iii) Find the area of the triangle POR. 5]

ACS IndependentiMath Dep Y4EAMI 20 5/ Frelim |Turn Over
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11 (a) Giventhat 277 = «1}' ,evaluate 16", [3]
(b}  Solve the equation }"'E‘S_F;—I_E = it‘glzf%] |6]

12 A particle P iavelling in a straight line passes a fixed pomt @, Its velocity, v ms ' is given by the

cquation v= P 6f +8 , where {15 the ume in seconds afier passing 3.

(iy  Find the times when P15 instantaneously ot rest. : [2]
{ii)  Find the 1otal distance mavelled by £ when its velocity reaches & ms' agam, [5]
(iii} Will P return to @ in the course of s motion? Explam your answer clearly |12}

. . . . | 4 % X & £
I'he particle ' is at point 4 when its velocity reaches 8 ms ' again. It continues 18 motion m this
velocity for 1 second and then deceleraies uniformly uniil it comes 10 a complete rest a1 point & in

another 2 seconds,

{iv)  Tind the distance A8 [21
. £ i

13 iy Provethal tan— o+ cot- = 2cosect [3]
{ify Hence, solve tan @ + cot# = {cosec 40 Hsm 28 + cps 28) for 0% <9 <180°. [5]

Giverithat 2ian 4 + 2cotdA=5and D= 4 < i,
L)
(iii) show that cos24d = rs [2]

{ivi  Hence. find the exact value of cos{24 + ,—;}. [2]

END OF PAPER 2
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i 5
EECI O
2{ii)
i} il
P= f. q= li
Aii) k
o
i
40 | dy _1-In(x-3)
dv  (y-3)
(i) x>+ 3=572 N
46 | 171 m2)_1-In2
202 2 J M
& | Proof T
o) k k+2
[_ E 4 2 }
6(ii) | Proof
6(iil) | (x—4) +(¥—3) =6
6(iv) | Ler d =distace from F, 10 F, =6
Ler R=radius of C, + radius of €. =J6 + /6 = 489
Since B < d, the two circles do not it ersect each other.
T{i}ﬂ Lowest ide oceurs when sin kr= 1. lowest ide =4.5m
Tii) Proof
Hiii) | 498m
Tiv) 0750
83) | 1242

ACSiindependentiMath Depr/ YSEAM2200 55 Prelim
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[ 8®) | —0.6 radian/sec B
i) Proof
i) 27 —4r 2 0 as r must be an imeger = no independent term.
oGi) | 3840 i
10(i) Froof
104ii
(i) J.'-_'-x—lp_z't--l
_ 2
10iii) ;
1— umits
11{a) 32
npy | i
x=2 E
| 120) | 1=2 or t=4
12(i
il I Ve .
_ 3
12(iii} | Proof V4 i
12{iv) | 1om
13() | Proof N
LEI] &7=358"_125%"
13(iii) | Proof -
10 -

ACS{IndependentiMath Depi Y4EAM2201 5 Prelim
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L
o=d < |
d+(glz-=¢
b e, o R
T[—b\_ [l =b
()-———-=—- d 4+ b—=(4+])x

byx P
v-d (g

(mz
(1°8) paco)
[= f[ﬂ]t; =4
E =X
9l =¥

T

S

ST e

S =p—Cl+ £-= B
w () [l [+ 6=
ap (v)f I:J- - _'[t] B
) el —xa [
wonnjos 0N 1)
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Marking Scheme (Additional Mathematics Paper 2/ Prelim Examination 2015)

3ii) x4+ 9=
Tx =k
k

X = 'F

4(i) o In(x—3) _In(x -3)

2x—06 =3
3
- y ! Jlnu )
dx (x=3)°
C1-In(x-3)
(x=3)°
A(ii
) Fr)r!jz{ﬂ. I=Infx—-3)<
i
= In(x-3)>1
= "-1 = 5 72
..I.. =
(3} Il—ln{r—?]d _[lnh—"‘-:
Ca-3)? =3 g
J | - [ Infx :J A ‘i_n_{_]. —1"-.’“
=33 < =y =3 i
s N jm_l_“_ﬂ_a;ﬁ!}' .
(x—3)"° *{x-3)* v=3 4
=[__!_J5 C[me=nT w2
x—3.la =3 13 2 2
rlnqh—“‘-} ) |jt]n1"r—%]l l[l_Tn?]:I—IHZ
4 ¥ F I i 2 A

{x-3) -3)

S ZBDC = ZABD  (Alternate angles, AR/ DC)
LABD = £BCE  (Alernare Segment Theorem)
SBCE = ZBDC

Sy | In ABCE and ABDC .
ZBCE = 2BDC  (From (i )]
ZOCBE = ZDBC (Commen angles)
ABCE and ABDC are similar wiangles  (AAA property)
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S(iii) | AAER and ACED are similar triangles (AAA property)

AE _ AB

CE CCD

AE AR (e EC=2:1
o~ D (Given AE:E )
3

JAEx CD = AB = AC

6(i) a:—%
_k+2
o= 2
Centre = (- k ':"':2]
b1ii) [.k+2] B
:.'( 2]+5 2 -11=0
k=4

biiii) C,=(-2,3), r =J(=2)' +3 -7 = J6
Let P, = Centre of C,

C, = (4,3)

Equation of C,: (x=4Y +(p=3)' =6

oliv) | Ler d =distace from F, to P, =6
Let R=radius of C, + radiuy of C, = u"Eﬂ b 6 = 4.89

Since R <d, the nvo circles do noy intersect each other.

T(i) Lowest tide occurs when sin &f = 1, lowest tide = 4.5 m_
(i) Penod between hagh tides = 14.5 hours
)
<& 14.5
L
st 2N
14.5
4a
k=
L__S 29
Tliii)
h=2(325-sin—=
( 29}
h=498m

' Tiv) | Whenh=7.0
T.0= 2(3.25- L.m r'_l

5in 42—; t==025

4T
A7~ 4304
2=

= ¢ ="7.833="T7h 50 min
The rime is 0750
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Hia)

:,9,'_"_ 3

F@3)-F)= | (= V3x-1- Y
= Vi =1
= 13
!}[31—”_? .
s A= ~2ds~iN
2
1
L N !
=[(8)7 =2(8)F |-|(2)? -2(2)?
= (8v8 — 24/8)-(2V2 -2¢/2) =648
=1242
Bib) e Y afx o -
P [E_EJ'S'" (E_EJ
&y ol otk w1 aifx x
dy E[SIn [2 ﬁ.)][icu{l EI'J
= L) || S S
= [sm [_’ . J][ca.r{: 6”
When x T
i)
B N a V[ oof2Y] -
dy {hm I-I] {cns[_-iJ‘ -
ﬂ_ (.JI}- liT |
dr rﬁ di el
= 0.6 radian sec
gﬁ} i { -‘-‘.II X
T.:[ ][ !'.l'”[——] ={'HJ[ }T* )
r X, r
For the term I':irl, 2T=4r=-=1
X
e P =
ay
—[?][k' )y =—4608
= k=2
ii) | 27-4r % 0 as r must be an im eger = no independent rerm.
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O(iii)

For the term in x*, r=6

I;I ]
The term in x' = [—2}“[{){1'} = 5376x

= -9216x" + 5376x°

The coefficient of x° is — 3840

$ o= —13840x" 4

10}

ﬂ:.&_]__l_”. Ine
dx e'-“T

e >0 for all values of x
dy

=5 =210,

. Nestationary pt

10(ii)

1{iii)

AL om . o =2

Equation of wangent:  y=2x-1

_ 1
e

e o
,'Ir’——;.\—l

‘=

Equation of normal .

= Q:(—%,U)
R=(-2,0)

o

Area of APOR = {

1"}” = l‘l1 wiiite?

ted =
aad
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11(a) T
et II1||—I
h__ 4
8 4
(4') =32
6" =32
11{b) 2 25|
log, 5- —=— = log . [£2
R “E*'(4J
2 log,(2)
log, 5——= = {
log, 2 log, x
log, vx
| log, 245)
'“g.5‘|ng11 : 3
2 25)
5 E =
2log, Tog_ 2 log, 1
.
log 25—&—3 = log, 25-1log, 4
2
]uglnt—]n-glz
2lop 2= =
of- log, 2
{IL11_-|2]'I |
log, 2=+
When log 2=1, x=2
When log,2=~1, x=1
1240 | " —6r +8=0
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1200 [ v=r —60+8

r'lu

5= ! ~3 481 +¢
3
Att=0.5=0 = =0

{.ﬁ

s=——-3t"+8
-

Whenv=8 1 —6r=0
1=0 or t=6
When the velocity is 8 m/ s again, 1=16

$ =2—;ﬁ-3[3ﬁ}+3{6j:12 =

b

S, =0
8 2
S, =2 _3(4)+8(2) =65
253 (4)+8(2) 3
s, =%—3ua] +3[4}=5%
: 2 z ]
From i1 =010t =4, distance travelled =6§ +{6§—53}=3 m
Fromt=4 101 =6, distance ravelled = 12 - 5% = Er% m
3
Fromit= 0ot =06_ distance travelled = 14;
Vi) | A0 s-0
g=1_- 3T =0
3
L - 24y=0
3 i - =
=5 =10 or -9 +24=10
- +8=0 = 1= A ».-;:__I_S ==  No solutien

= The particle is at O when t =0 only. Therefore P owill not renrn
to € in the conrse of its motion.
12(iv) | From t=61at =17, distance travelled = 8 m

Fromi t=T o1 =9 distance ravelled = 8 m

- Towal distance ravelled = 8+8=16m

3
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130 tan® & 4 )
lung + CNE =3 tanE+—I- =—2
2 2 2 (4]
lan 5 lan 5
3
) seC 5
s
lan 2
— | — | 9
o = = Zecosect?
S| gms g '!!3511 it
13(ii) | tan® + cot® = (cosec40)(sin 26 + cos2#)
2cosec2l = (cosec48)(sin 26 + cos2d)
e - I = ] ¢ Ic:}swzﬁ
2¢0s5268  2s5in28 2cos28 2 :
Icosec2d = — 1
cos2f
tan2d =13
& =358", 125%°
13Gii) | 2tan A+ 2¢o1 =5
lan A +cot A = =
2
cosec2A =
51N 24 = 4
3
3
cos2d ==
= 3
13(iv) B

g T ;
cos(24+ f—_j =cgosldeos 5 sin2A sm-;
)

3.3 4]
—15}( 3 ) {_EHE:I

_31.."3—4

10
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax® +bd+ec=0,

e ~bE b ~dac

2a

Binomial Theorem

(a+b)" =a" +[?]a"‘b+[;)n"‘b’ +...+[n}:"'*b' +,..+8",
r

Al aGi=W..(a=r+0)
Aln=r)l ™ rl '

# aow # n
where # is a positive integer and [ ):

2, TRIGONOMETRY
ldentities | . .
sin” A+cos’ A=1.
sec’ A=1+mun’ 4,
cosec’ A=l+cot’ A,
sin(At 8)=sinAcosBtcosAsinf
cos{A+ B)=cosAcos B FsinAsin &
tanAttan B
| FtanAtan 8
sin 24 = 1sin Acos A
cos24 =cos® A-sin’ A ;2_@51_4‘1— l=1=2sin? A"
m“'z ie Elan:ﬂ. :
. I=tan® A

tan(A i{i‘} =

Formulae for AABC .
a . b e
R ——a '
sinA” sinB  sinC
a’ =b' + ¢’ =2bccos A,

il
A=—besinA.
2

ANDSS 4ESN Prefim 2015 Addd Math (4047/01)
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3

Answer all questions

1 Solve the following equations.

(a) 23 )+377 =3 3

) 2Ni=-2r=1+] (3]
2 The line 2y—x =3 meets the curve x* —xy—y* =1 at points A and B, Find the length

ol AB, giving your answer expressed in the form o Jb , where @ and b are integers. [5)
3 Write down and simplifly the first 3 1erms, in ascending powers of z, in the expansion

s 5
of [2—%] . Given that the first three terms in the expansion of {I + px+x=I ...;.]

are 32 - gr + 2gx°, find the value of p. [5]
4 A circle Cy passes through points P(0, 2), G(7, 3) and R(B, — 4) where PORS is a square.

fo)  Find the coordinates of the centre and the radius of the circle C). 2]

(b}  Find the cquation of another circle Cy, in the form x4 y+ax+by+e=0,

that is the reflection of the circle Cy, in the line y = 2. 2]

(¢)  Justify if the point (2, 7) lies inside or outside the circle Cy. [2)

5 Prove the identity 5 il = e ; |5}
deosx—secxy |—=tanx

6 The dingrom shows a triangle ABCDE, such that £5 is parallel to DC, the ratio of lenpths

AB:BCis 4:J8 and Jength of DCis 5+42 em. A

By leaving your engwer in the form o + b, 5

caleulate

. BE

o the ratic —, 3

{n) e ralio = (3]

(b}  the length of BE, ' (3] »

5+4J1_'r:m
C

7 Given that f(x)==2+x" and g(x)=lx+11=1],

{o}  Find the coordinates of the points of intersection of the graphs y = f{1)

and y=g(x). _ [4]
(b)  On the same axes, sketch the graphs of y=f(x) ond y=g(x) for 2552, [3)
(¢)  Hence solve the inequality £* Slx+11+1. [2]

8 (a)  Sketch the graph of y =2—&"* for all real values of x, showing clearly all points of

intersection with the axes, if any. (2]
(k) Byaddinga suitable straight line, explain how the number of solutians to the equation
x=In V4 - x can be obtained, (2}
ANDSS 4E5N Prelim 2015 Add Math (4047/01) - 10 [Turn over
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12

13

A and B lie in the same quadrant such thatsin A =% and tan & =-i2. if the value of A

and of B is between O end 2, find, without using | 1hr. calculater, the values of

{2} tn 0, (1]

b)  colfA-8), ) (2]
] 7

(c) cos . : (3]

In APQR, M is the mid-point of PQ, PN ﬂpd MR intersect at 0.

Giventhat OR: OM=PS:PN=1:2, pn.:r'\rc thiat

(a)  MSis parallel 1o ON, , (2]
(b}  AMSO is similar to ARNO, . : (2]
{c) OP =5 NO, (2

The table shows some experimental values of two variables x and y which are known 10 be
related by the equation y=ax(x+b).

Pl T 2.5 3,5 4.5 55 |
y 10.1 06 | 342 500 [ 700 |

Using a suitable scale, plot the graph of L againsl x 1o represent the ebove data and use it 10
X,

gstimaote
()  the value of a and of b, o [4]
(b) the value of x when y =9x. ) [1]
A function is given by y= ?:__3;5 where r# a and x>0,
X = 5 ! .

(n) State tha valudof a. ' [
{b)  Determine thefrange of values of b 1I'y is an increasing function, (3]
{c) Given that b =|3 and that x and y vary with time 1, find the value(s) of x

n’y dx

=12—, : 3
dr dt , . ' 1)

An electronic gadget was programmed lo travel in a str;ughl line, It started through a fixed

point O with a velocity of 3 m/s. Tts acceleration, dm,’s is piven by a=2-21, where ¢
seconds is the time after passing 0. Find

(n)  its maximum velocity, (3]
() its deceleration when it chonges its direction ef motion, 13
fe) the total distance travelled during the first four seconds of motion, (4]

Need a home tutor? Visit smlletutor sg
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5
eliny er K
2 _
1{a) |r=-0.631orx=0 9o 1—_;‘-
1(b) |x=1 9b -3%
2 '?-.E units 9¢ ﬁ
26
B0 B8O, 1
3 JB-—zx+—rs'+.. p=-— 10 | Proof
TR P=3 2
40 {4, =1} ; 5 uniis Ila la=15:b=13
4b | Pyt +2x-8y-8=0 11b |x=13 ,
de | (2, 8) Yies outside the circle Cy. 12a |a= %
3
5 Proof 126 | b> yr
5
6a | 2-2 12¢ |x= 5
6b | (2+3v2)em - 132 |4 mJs
Tu__ | (=l,—1)and (2, 2) 136 | 4 mis?
13¢ u-_}m
5
9a 'E
7h 15
9 -1—=
; 6
e S8
26
1la Ja=15:b=1
Te 11b |x=1
i
Ay 12a | o 3
12b | b2
4
5
12¢ |x= =
- B
9 :\ X 13 |4 mfs
1
yudig 13b |4 m/s
Add the liney=x-2,
The number of interseclion points of I
&b y=2—-¢" and y=x- 2 gives the e ”Em
number of solutions for x=InY4-r,

53
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Mathematical Formulas
1. ALGEBRA

Quadraiic Equation

For the equation ax’® +bx+c=0,

_—b#bl ~tac

2a

(a+b)" =qa" +(T}:"“Ib+(:]a""b’ ++..+[:}:"’b' o b",

where n s a positive integer and i T =n{n-—l}...{n—r+l}‘
rl rln=r)l r!

X

Binomial Theorem

2. TRIGONOMETRY

Identitics

sin® A+cos’ A=1.

secc® A=1+lan? A,

cosec’ A=1+col* A.
sinfAx ) =sinAcosBXcosAsinl
cos{At B)=cosAcosBFsinAsind
tanAxten B
LFtan Atan B

5in 24 = 2sin Acos A

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

mia<-2md
. l=tan’ A

tan(A+ B) =

Formulae for AABC
<@ e 8
sinA _ sinB; sinC’
a’ =._§|=| +;?—:Zbcéosﬁ.

i e -I ; "
Aa=hbesin A,
."'-.-;.I 2, : -.ln

3¢

AMNDES 4ESN Prelim 2015 Add Math (4047/02
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Answer all questions

1 When (1-2p)" is expanded in ascending powers of p, the sum of the constant terin,
the coefficients of p and p’ is 161, If n is a positive integer, find the value of o, (4]
2 {n)  Find the smallest positive integer, p such that 4(px-3) = x* has resl roots. 41
(b)  Find the range of values of m for which the graph of y = ms® ~dx+m lies
entirely below the line y=3. 14]
(e} Given that the line y = 4x + L is o langent to the curve y" = nrx, where k and in
are constants, prove that 3 a L ' [4)
m 16
3 Marcus believes that the depth of waler, 4 metres, at the end of a jetty, ¢ hours alter low tide,

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

(2)  He measures the depth of water ot low lide 10 be 2 metres,

. . b
Assuming that low tides occur every 12 hours, show that & =E' n
(h) Marcus also measures the depth of water at high tide to be 6 metres,
Calculnte the valve of @ and of . 2]
(e} Sketch the graph of the equation d =a+beoskr for 0< <. 13)

{d}  Mamcus requires the depth of water ot the end of the jetty to be st least 3 melres lo
sail his boat. Glven that the low tide on a particular day was at 0830, find the
earliest time afier 0830 when Marcus could seil his boat that day. [2]

(¢)  Marcus measured the depth of water and found that it is Sm. He then claimed that the
depth of water at the end of the jeuty will reach 5 m agnin after every 4 hours.

Justify if Marcus is right or wrong. 121
4 (m) ()  Factoriseh(x) =x* =7x" + 2x+ 40 completely. (3]
(i)  Hence, solve the equation 2y’ =7y’ + y+10=0, (3

{b) Find the value of i for which the division of 2x" +3x° ~4x=10by x~2

gives a remainder of 26. 3]

5 Salve the following equations.
(a) log, V5x+1 =log,(x—2)+log, 4 [51
(k) dton'xal=8secx for-mw<s<ln 51

ANDSS 4ESN Prelim 2015 Add Marh (NRGR4 home. tutor? Visit smiletutqhsg ,.a.



b {a)

(b)

4

Consider the equation kP —kly=3x+d=k,
If the roots of the equation ore reciprocal of each other, and [ is one of roots,
() findthevalueof k, * ; ' {2]

. 7 2
(i)  showthat Y = :'E . (2]
The roots of the quadratic equation 2x° —4x+5=0 are Aand 2
! g, 3
Find the quadratic equation whosé, roots m% and ; 4]

The term containing the highest puwvl: of xin _thq"p_-olg.rnuminl fx)is 3.

# =2 + k is n quadratic factor ﬁ_{ flx), x=-1 and x=- 2-are roots of the equation f{x) = 0. fix)
leaves o remainder of =36 when it is divided by x. - :

(a)
(1)

{a)

{b)
{c)

9 {a)

{b)

A curve is defined by y = (1-2x)7e™ . F:nd

Show that k = 6. ' : 38

Determine the number of real roots of lhc._t.;qunﬂun flx)=0. [2]

d
o . 2]
dx .
the equation, in terms of e, of the tangent at the point where x=]1, [4]
the r-coordinate(s) of the stationary puint{s} on the curve and determing
the nature of the point(s). > (4)
¥ =3x+5 . .
Express -:——-—'—in partial fractions, 3]
(x* +x)2x-1)
1 x'=3x+5
Henee, evaluate | S (3]

(2t )= 2x)

10 The diagram shows part of the curve y i3 ,t’ -1, Thf: tangent at A (=2, ~9) meets the curve

again ot C. Find the arca of the region bounded by the two graphs. (8]

'1rh

35
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1 Solulion to this question by aceurate drawing will not be sccepted,
¥
8(2,7)
E
= il
0
A4, =2)
C

The diagram shows a triangle ABC where A is (~4, =3, Bis (2, Nand BC is

purallel 1o the line 2y =—4x+1. BC cins the x-axis at F and AB cuts the yixis at E,

(n) Find the cquation of the line BC, [2)

(b)  Determine whether if EF is perpendicular to AB. (3]

()  Given that C is equidistant from A and E, find the coordinates of €. [3]

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

] ]
E

A L-shaped Iadder, ABC is wedged in between two pillars AQ and DE s shown in the

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

point of contact between the ladder and the ground,

Given thot £ZOBA= 8, where (* < 8 < 80°, AB=03m, BC=0.2 m and CD=xm,

{a) show thatx = 0.35in - 0,2cos 8, (2]

(b)  expressx in the form Rsin(8—a) where R > 0 and 0° < & < 90° . (4]

(e} hence, explain if the length of CD can be 0.45 m. [2)

ANDSS 4ESN Prelim 2015 Add Math (4047X@ked a home tutor? Visit sifiletutorsg
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Prelim AM Paper 2 Answer Key
1 n=10 17b 2 real roots
2 |p=3 182 | =2Al=2x)1+ 20)e™
b m< =] : Eb y=6e'x=5¢
3 ' .
da kt’-'g | 8¢ . xn—%{mu] & x=-;-{m1'n}
3b a=4 9a b -'Eq-i.q._j—"
o S T x+l 2x-]

" : ﬂ_. =0.497

| -« '110" | 108 sq units

p i (llan) ye==2x+11

i W . [ 11b- | EF is not perpendicular to AB,

3e ‘ P Tl 11e (E-.—ﬁ)

| - 2

; | 11d g 4#%1:115!:1

A " [12b | 0.361sin(6—-33.7%)

120 | Lenpth of £D cannot be 0.45 m,

3d 1030h
Jde Wrong
dai | (=) x4+2){x=5)
dail | y=2 or y=-| e yw-i-
4["! n=+4 T
Sa =1
5h x=—198 or |.98 ar 4.30
finl k=3
Gl S5¢7 +2x+5=0

34
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3
Inx
I A curve has the equation y = —
X
' _dv
Find =~ . 2
(1) = (2]
(i1) Hence, find the range of values of x. such that y1s increasing. 2]
2. The diagram below shows the graph of v=4 - |—x"’ + 3[.
() Show that the coordinates of A is (- 3,4). (1]
(i) State the coordinates of B, 12)
(iit) Find the exact value of m, for m < 0 for which the equation
me+l=4- |— x? 4-3{ has exactly 3 solutions. 2]
s
A
//\ 8
& &F
] Tl

st LB

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

of the line is 3, without using a calculator, lind the exact value of cos 4. (3]
¥
A
/f * X ia
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4. (1) Show that
1~ s ;
—-—-"_—T = see x— lanx , when =90 < x < 807 15
Yiesimx
(11} Hence, explain why x must be acute for the wentity 1o be true |11

cl
s ;1 . . 2
5 Given that the coelficient of — i 512 in the expansion [— +m’] . wherea < ().

X X
{1 Find the value of @ (1]
. . ) o
(1) Hence, using the value of & found n (1), show that the tenn in ey does not
X
— 2 i
exist i the expansion [— +ax” - (3]
X #y 12
: .
A mnde .y _
i lxpress L e 1 _;'— o n partial fractions |6]
Ity

i : o | |
7 The equation 6”4 7x-3=0 hasroots — and —

e f
(1) Find the value of (¢ + ) and o’ af 131
(11) Hence, or otlierwise, Iind the exact vilue of {.—:e"" 4 H}) {31
8 Solve the equanon Ig{4‘ - 1U)~ xlg2=1g3 |5)

Need a home tutor? Visit smiletutor.sg
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9 The voltage ¥, m volis, of an clectrical signal in an electrical system 1§ given by the

formula ¥ = 4 sipa¢ where € 15 1in seconds

(1)
(1)

{ 111)

Find the exact rate of change of voltage alier % seconds have clapsed.  [2]

Find the exact times when the rate of change of voltage is 2-J3 volis per
secondfor 0<r <4 [3]

Given that current (/ in amperes) supplied to the system is governed by the

r

equation | =— , find the rate of change of current when the rate of change of

voltage is 2 volts per second. 2]

10. In the diagram shown below, ABCD is a parallelogram with points 4(2, 8), B(-1, 1) and
(4, =2). Af1s the midpoint of B0 and the perpendicular bisector of BL) passes through

the y-axis at F

FFind

(1)
{11)
(i11)
(1v)

the coordinates of A, |
the coordmnates of 2, [
the equation of the perpendicular bisector of 5D, [
and the area of quadnilateral ACSF |

X
&
Pl
A(2.8)
i
/ L.
f S
/ S D
F) - e
F /
- )
,/'; Al _
B 1) < / =
of . /
i )
3
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11, Given that y= x’ +ax’ +by+3 husa stationary point {l.{]}.

(1)
(1)
{111)

12 ()

{n)

find the values of ¢ and ol b,
find the coordinates of the other stationary pomnl,
and determune the nature of these stationary points,

Differentiate the following with respect to v

(a) iﬁ—k

{b) In (EGS ! .'(}

— de™ ' = 21an weh

) 5
Henee, or otherwise, find J‘-_?
£

= s
I3 The table shows expenmental values ol two varnibles, 1 and v wlich are connected by

the equation jr = ae

L F_‘} T I N

br=]

8
189 230 | 28 | 344 | 420 |

(a)
(b)
(€)

~ Plot In y against v and draw a siraight hne graph

Use your graph 1o estimate the value of ¢ and of &

By drawing a suitable line on your graph, solve the equation 246 = e

END OF PAPER

3]
131

121
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AHS Prelim AM P1

1-2Inx
3

1. () (i) 0 < x < o2

2. (i) B(0,1) (iii)-V3

e
ol

V1

4. (i) cosx —v1 — sin? x. Since cos x must be positive, x is in the 1 or 4
quadrant. » x must be acute.

: 1 e 1 768Y fx? 512Y /1Y _
5. {I]—i (ii) Fermwuh;:—(—F)(E)+(-;]—)(B—x)—{}
~ it does not exist,
2 1 7-3x
6. x  x2 ' 2x241
721
Lo (i)=,-2 {il}-‘;
8 =232
it 1 1 11 1 5 di 2
i e . e aW- VA= . 2 | e T "
} {!]r" 7 vis (i)t BT ,Jh ..ibselr. fm}m Sﬂrnpt.ru,f’sm.

10.()m (3,3) (i) D (7,5 (ii)y=-2x+9 (iv) 30 units?

5 256

n.a=1b=-5 () (-3.5

) (ii1) max point

12.(i)(a) 2e**' (b)-2tanx {ii}gln(}!x —-3) -2 4 Incos®x + ¢

13.(b)a=422,b=0.2 (c)x=23

A
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=2

Lad

AHS  Prehin. 2515 A fege 2-

3

i T
The curve & 3 ) 4 (p-3) =4 and the line 2y +x =12 miersect at the points P

and O Find the exact distance between Pand Q. {5

Find the values of @ and b for which the function f(x)=2x" - 7x° +ax® + bx-2]

is exactly divisible by x* =2x-3.
Hence determine. showing all necessary working, the number of real roots of the

equiation flx)=0. (8]

In the diagram, 4, 8,Cand D are points on the circle. TOSE and ASC are siraight

hnes 74 and 70 are tingents Prove that
(a) ZACB= £ATD+ £ABD, and (3]
(b LATC=180°=2248C 3

I'he diagram shows the route of a fishing boat ‘The boat leaves the point {) from the
ahore and sails in a straight ling for 5 km to a point 4, at a bearing of (090° + 8 ). At
A the boat makes a right-angled turn and sails for 2 kni to the point i 1o continue
fishing. The angle (245=90° and the shortest distance from B 10 the shore is L km

N
M
@
shore A
A

(8) Show that L = Scos@+2siné . 12]
(b) Express L in the form Reos(@ - &), where R>0 and 0° <a <90° (3]
(¢) State the maximum value of L and find the corresponding value of . 3]

Need a home tutor? Vﬁlit}smiletutor.sg



. 2 .
(a) Express tan” a cos? Ji in the form Asec” Ba + ("cos2 1 1) where
A B, C, and [ are constants. 131

b
|

jex [5]

) 3 5 4
{(b) llence, or otherwise, evaluate I [Ian' 3x cos”®

b |
.

The curve y= PcosOx+ R has a period of 720°, a maximum value of § and a
minimum value of -4
(a) Giventhat P 1sa negauve constant and ¢ and R are positive constants,

find the value of P, of O and of £ [4]
(b) Solve the equation y =3 where 0° <x <360°. 12]
(¢)  Sketch the graph of ) for 0°<x <360° 13]

A container in the shape of a cybnder with a hemisphere on 1op 1s o be decorated by
gold wires

The wires AC and Lf. go across the hemisphere and intersect at 8, the highest point
of the hemisphere The wires A/, EF,CG and DH run down the sides of the
cylinder The wires G/ and FH cross at right angles at £ where K s the centre of the
basc. The total length of wire 15 30 cm.  The height of the cylinder 15 & cin and the
radius of the hermsphere 1s v cm. The volume of the container 15 ¥ em”

(a) Express Ainterms of r. (2]
k-

(b) Show that ¥ = ’“?(45-- 2 3w 3]

(c) Find the stationary value of V and determine its nature. [3]
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8. (#) Show that the equation 7= %[3{1') + 2] 1% satsfied by only one value

of ¥ 3]

2

(b) Giventhat m=a*,n=a’ andm'n’ =a® . where ¢ > Danda #1,

|
show that 5f =— [4]

]
i _].r-,E
2

i . " a X
(¢) Without using calculators, find the value ol &, in the form = csuch that

k3 - k15 = <243 [4)
(d)  Differentiate e ' /1+ 3x with respect to x. (4]
] In the Chingay Parade procession held a1 the heartlands early this year, the Proneer

Generation Float was travelling on a straight road with a velocity, v ms’', given by the
; 1) . . i . .
equation v =3t -~~£.r‘ 1 4, where 1 is the tme alter passing a lixed point 4.

(a) Show that the maximum veloeity 1s reached 5 s later 3]
(h)  Sketch the velocity-time graph for the first 5 s [3]

d
3 " e
Upon reaching its maximum velocity, the float started 1o decelerate uniformly at
| 5 ms”. before coming 10 a rest at point B to allow residents to take photographs

{c) Find the tme when the Dodl reached B3 [2]
(d)  Find the total distance travelled from 4 o 5 [3]
10 i
v=4x-5
|'r
il

A \,
l‘r-.l -\\l-‘l ~
yl =jx-4
I'he eraph above shows part of curve _].'3 = S5y --4and the line y=dx-35. Tind
(1) the coordinates of 4 and of B. and 13]
(b)  the area of the shaded region. 16]

]
Need a home tutor? Visit smiletutor.sg
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1 A landscaping company has been tasked 1o 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
pne side ol the lawn

Y ke B

On the Cartesian plane, the circular lawn can be modelled by the eyuation ol a circle,

2yt 4 2x—6r-15-0

() Show why this model suggests that the radivs of the Inwn s S m |2]
(b) A lamp post is positioned at a point P(-5, 8) in the pit arca
Determine, with working, 1f 7 lics inside or outside the lawn, i3]
(c) I'wo dustbins, at O and R, will be placed on the circumference of the lawn
such that 0 s (-4, -1) and QOR 1s the diameter of the lawn. Find the equanion
of the tangent to the lawn at R 16}

END OF PAPER
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P2
1. P(2,5).Q(6.3),PQ=2V5
2. a=7, b=-5 noreal roots

4 (b)v29cos(f —21.8%) (c)21.80

5 (a)sec a — %ms 25 —%

(b) -2.75
6. fﬂ}FZ-f1JQ=§JR=E {h}_;t:‘lqtjln
(c)
:j F
-3 X
7. (a)h — RNy
) - 2
(Civ="542 max value
e TG gt SO
8 (clk= x {d) ST
a (b
Va
iy
_ 3 €
(c)t=16

5
T o
(d) l:ﬂum

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

. {a) (x+ 1)+ (y—3P =5
(b) Distance = 6.40 m > radius, the lamp post lies outside the lawn

k. 7
@ym-2n 42

L2
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2
Mathematical Formulae

1. ALGEBRA
Quadratic Equation

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

— bt VB —dac
X = —
2a

Binomial Expansion

(a+b) =a" +{”]a“"b+{nJu"'3b’ +...-+[”]a""h' P
I 2) . r

. o n n! n(n 1)o.(m=r+1)
where n 1s a positive integer and = —moossggR Ve
r

r![ﬂ—r}! rl

2. TRIGONOMETRY
Identities

. 2 2
sm A +eos 4 = |

sec’A =1+ tan’ 4
c:_mm:.:_»i 1 + L'l11_1."!
sin {4+ 8)=sin 4 cos 8+ cosdsmnB

cos (A B)y=cosAdcos B ¥sindsin B

tan( 4+ B)=‘mAdln A
1+ tan Atan B
sin 24 = 2 sin A4 cos 4

7 o 3 3=
cos2d=cos" Ad-smm A=2co5 A=-1=1-235n" A4
=
! r
fan 24 = _<lan4
I—1an” A

Formulae for A ABC
i h &

sind sinB sinC

2
+ ¢ — 2bhecos A

A= labsmC
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Given that 2777 x5 = 8" « 57", evaluate 10" without using a calculator.

in partial fractions.

Express —
X +6x+9

: . . | ” 3
Given that ¢ 1s acute and thatsiné! = T v eApRess; without using a calculator,
W

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

cosf —sind

| |
Blood Ill | \
Pressure

mmitg)] || O e R VR SR :
( " f |I / llll ! I'. ( \ ’ ',I .|| '. |

(5]

— Time ()

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

y=dacoshl +¢

where ¢ is time in seconds and vy 15 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 1s 60 beats per minute,

(a)  Wnte down the amplhitude ol ». [1]
(b) Explain why the period of the function is | second. [1]
(¢) Wnite down the value of

(i) a,

(i) b

(i) . hle [3)

Need a home tutor? Visit smiletutor.sg
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y
&
_ 2y=3x-16
B~
s > X
-~
A
= 7
/ 2~ 19x+ 2y + 40 = 0-

The straight line 2y =3x- 16 intersects the curve 2x° —19x+ 2y +40 = O at the points A and &.
Given that 4 hes below the x-axis and that the point P lies on 48 such that AP : PE=3 - 1,

find the co-ordinates of P. |6]

A curve has the equation y = sinx - 3cos 2x.
(i)  Find the gradient of the curve when x = |4]
fs
(ii) Given that x s decreasing at a constant rate of 2 J3 units per second., find the rate of change
3

of v when 12]
i

. . . e dy  x(5x-2
(1) Given that vy = x"+/2x -1, show that A { v —} .

! 4
de  /2x-1] 121

. s Sx® = 2x+1
(ii) Hence evaluate I — dr. [4]

! ~..-'. 2y -1

Find the coordinates of the stationary point on the curve y = 2x' —6x" +6x—11 and determine
the nature of the stationary pomt. [7]

(a)  Show that the roots of the equation 6x +5(m—1)=3(x+ m)are real if m <2 :-:} [3]

(b)  Find the range of values of k for which (k +3)x" +4x+k is always negative for
all real values of x. (4]
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10

11

12

5

A particle P moves in a straight line so that f seconds afier leaving a fixed pont O,
its velocity v ms™' is given by v=(2r - 3}: =0

(a) Sketch the v-r graph of the particle P for 0<r <5,

(b} Hence or otherwise,

(i)  find the range of values of t for whnch the acceleration of F 15 less than 4 m/s’.

(ii) find the distance travelled by P in the first 5 seconds.

. kY : ” :
In the expansion of [x" = —J ., where k 15 a positive constant, the term independent
X

of x 15 135,

(i) Show that k=2,

Wil
(if) With this value of k, find the coefficient of x' in the expansion of (13 - _}i } {R.x + 1}.

LX

A cirele, C, has equation x* + " —10x+6y+9=0 .
(i) Find the coordinates of the centre and radus of C.

(i) Give a reason why the y-axis 15 a tangent to .

I'he aircle € crosses the x-axis at the point P{1 . 0).

(1) Show that the equation of the tangent to the circle Cat Pis 3y —4x =4

{iv) Find the coordinates of the point where the circle € crosses the x-axis again

[n a Science expeniment, a contamner of liquid was heated to a temperature of K °C.
It was then lefi to cool in a chiller such that its temperature, T °C,  minutes afier removing
the heat, 1s given by 7' = Ke ™, where g 1s a constant,

Measured values of 1 and 7" are given in the following table.

|

! {mmnutes) 2 4 10 12

rec 72.8 60.2 45.

Lhn
[ ]

(i)  On graph paper, plot In7T" against r and draw a straight line graph.
(i) Use the graph to estimate the value of K and of ¢.

(iii) Estimate the temperature of the liquid 5 minutes after it was left to cool.

o

340 28.1

[2

[2]
[3]

[4]

3]

(3]
(1]

131
1]

(3]
[4]
2]

End Of Paper  Need a home tutorJﬁ/isit smiletutor.sg
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Mathematical Formulae

1. ALGEBRA
Cuadratic Equation

For the quadratic equation ax” + by + ¢ = 0,

(= —bEb —dac

2a

Binomial Expansion

(a+b) =a’ +[T}a""h~+[2}rr""b: +._..+(n]a"'rb' e
“ r

. ' ! 1), (-
where n 1s a positive integer and [n}= L = ull” ) \REr+)
)oY n—r) !

2. TRIGONOMETRY
ldentities
sin“Ad +cos* A4 =1
sec’A =1+ 1an’A
cosec A = 1 + cot’ 4
sm{dt By=smAcosH+cosdsin B

cos(d xR =cos Acos B Fsindsm A

tan( A4+ B)= tandl tan B

|FranAdwan R

sin 24 = 2 sin A4 cos 4

cos2d=cos A-sim A=2cos°A-1=1-2sin" A

tan 24 = _2tand
I=tan" A
Formulae for A ABC
a b c

sind sinB sin?
a’®= b+ ¢ - Zbecos A

A= labsinC
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1 Giventhat 277 %57 =8« 57" evaluate 10" without using a calculator. [3]

SOLUTION:
1 ?_JLEIST.ZSJKSJI
4{2]| i_ . 211 - 5.’!
{"J"}{_} ﬂ
(27)(") s
4
5 i
(2)(5°) = 5
10" = 2
5 o B
2 Express ~;4—'t £, G partial fractions. (4]
x +6x+9
SOLUTION:
R 4x+7 ]
: T4 6x 49 :
|- X +0X - — —i
x4+ A H._.

(x+3)° x+3 (x+43)

4x+7=A(x+3)+ B

Letx=-3, B=-5
Letx=0. 7=34-5
A=4
4x+7 45
¥ 46349 x43 {;'r+3_]“

49
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" ; : I : .
3 Oiven that ¢ 1s acute and thatsind = v@ - express. without using a calculator,

— in the form Va ++/b where a and b are integers.
cost —sin

SOLUTION:

[5]

B S R I LR B (2]
cosée —sin

V2 1 -1 B 2-1/
Vi 3

Lea

= Jo+43

_.l
¥
204
Blood | | '. [ [ o [
Pressure { i | | f : f i | . [
| i ! . . | I
{ mm Hﬂ ] | I .. |' | | \ || | | l| i
Iu 1 | | | | | [ ; I|
! | i ! I
| . '. f Vo | ||| '|l .'
| | | | .
I. | |Il I-[ \ Jlll | Il ,I II)
b J I' | i i
I. | II|I i | JI | II. |I I|I '| ]
Vo I I|' II|
70 / !
¥ 0y 0y i -!.“I s 1% 158 P

Time (%)

The diagram shows a part of the curve of a person’s blood pressure, which 1s modelled using

y=acosht+¢

where 1 is time in seconds and v 15 the blood pressure measured in mm {of mercury).

The length of the same person’s heartbeat 1s the time between 1wo consecutive peaks on the curve.

Given that the person’s heartbeat is 60 beats per minute, S
Need a home tutor? Visit smiletutor.sg
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(a) Wnle down the amplitude of y. [1]
(b) Explain why the period of the function is |1 second. [1]

(¢) Write down the value of

(i) a

(ity &

(iii) o [3]
SOLUTION
4 | y=uacosht +¢

(a) | amplitudeof y = 25

60 beats/cycles per 60 seconds.

(b) Therefore 1 cycle takes | second

a = 25 -
(¢) | b = Ei—ﬁ = 2x

= 95

th

y=3x-16

27— 193+ 2y +40 = 0

The straight line 2y = 3x—16 intersects the curve 2x° —19x+ 2y + 40 = 0at the points 4 and B.
Given that A lies below the x-axis and that the point P lies on AB such that 4P : PBE=3 11,
find the co-ordinates of P. [6]

¥
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SOLUTION

5 | 2y=3x-16 into 2x° —19x+2y+40=0
22— 19x+3x—16+40=0
2x° ~16x+24=0
(x=20x—-6)=0
x=2y=-5 A4(2,-5)
x=6,v=1  B(6,1)
Bi6. 1)
Pox, v) |
1 |
| i
[
[
3.5y TTTTTmRememeesd
-‘I{‘--" ] 4
3 3
P 24—-0f4,-5+=0f6
( 4 4 4 4 ]
.'.P[2+-3.—5+4E]:> P[E,—l]
: 2 2
6 A curve has the equation y = sin y— 3cos 2x
(i) Find the gradient of the curve when x = :i [4]
1

(ii)  Chven thal x is decreasing at a constant rate of 2+/3 units per second. find the rate of change
g

of ¥ when =~ .
6
6 y=8snx-3cos2x
“} ﬁ =cosx+Osin2y
iy
At-r‘:{r E:ﬁ"'ﬁ ﬁ]
dr 2 2,
_T3 r 6.06
| 2
(ii) At x=£. "'j_:j"—._.J‘ri.:}_llxE
6 dr ody de
3
= ix[—z‘iﬁ)
=—2] unis /s
OR y is decreasing at 21 units /s Need a home tutor? Visit smiletutor.sg

201 . CHS PRELIM EXAM 3 ADDITIONAL MATHEMATICS { 4047/1) - Page 6



d_y ~ x(5x—-2) _ (2]

(i) Given that y = x*+/2x—1, show that T e
(iiy  Hence evaluate f %l dy . (4]
SOLUTION -
7 | y=x*V2x-1 - Y -
) ﬁ=(Jz.r-1)(z_r}+f[-'--[zx—n'i{z]]
dx 2 '
={1x—-l]_:‘(1}[2{21—]]+x]
- x{5x-2) ( Shown )
) 2x-1 |
(i) x(5x-2 —
de = x'\2x—1
‘I- V2x-1 '
s Sx’ —2x+1 3 s s 1
dx = 2x—11 + dx
'.-] 2x—1 |:x ]' L\.‘ZI—I
_ ;| (Vax-1)(2)
= |:.I" 21—1]1"' —2

¥
Need a home tutor? Visit smiletutor.sg
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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]

SOLUTION

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

L2 N
dx

Al turning point,
6x" < 12x+6=0=(x—-1)" =0

x=]

x 11
dy +ve 0 +ve |
dx

Shape / -~ /
At x=], y=-9

J I Point of inflexion at (1,-9)

9 (a)  Show that the rools of the equation 6x” +5(m—1) = 3(x+ m)are real if m<2 ::‘ [3]

(b) Find the range of values of & for which (k+ Dy’ +dx + & is always negative for
all real values of x. [4]

SOLUTION

T
|

9 6x" 4+ 5(m—1)=Hx+m)

(@) |62 ~3x42m-5=0

b’ —dac =9-4(6)(2m —5) = 129 - 48m
For real roots, 129-48m >0

48m <129

m<?—,

16
For function to be negative. 5" — 4ac <0 and {i:_+ 3)<0
16-4k(k+3)<0
—4k* =12k +16 <0
“Ak+4)k-1)<0
k<-4 or k=1 (reect)

(b)

Need a home tutor? Visit smiletutor.sg
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A particle P moves in a straight line so that 1 seconds after leaving a fixed point 0,

its velocity v ms™' is given by v= (2:—3)3 -9,

(a) Sketch the v-t graph of the particle P for 0<r<5. [2]
(b) Hence or otherwise, ﬁ
(i)  find the range of values of ¢ for which the acceleration of P 15 less than 4 nys™. [2]
(iiy  find the distance travelled by 7 n the first 5 seconds. [3]
SOLUTION
10 | v=(2c-3)"-9.
(a) v
A
w04
(¥ : 3 q —>
{1.5,-9)
MO g(2r-3)
di
|ﬁc.—1 > M2 -3)<4 =1<2 L=<
dr

Distance traveled = J'I:I:Er - 3}: -0 it + L (27— 3]3 -9dr

I[[E’—_B)‘ - l);]] 4+ |[[EJ_"§£ — gy ]}.
o o] 6 1|

18+ 16-2—+18
3

(i)

=52-m

e | b

£0

Need a home tutor? Visit smiletutor.sg
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_ v kY ; -
In the expansion of [.r" - E_J . where k1s a positive constant, the term independent

X
of xis 15

(i) Show that k=2

(i1) With this value of k, find the coefficient of x* in the expansion of
s kY
[.: ?—J (8x+1).

SOLUTION

Jd kY
M | ‘cux [_] 15
¥ 2x;
da
—x15=15
I{’-1-:2-1:
k=2
VR

Gieneral Term

b A, * k
=00 () _|: [ _J{l] x)’
VX
Independent of x : (x")"" (x)
Therefore 12-3r =0, r=4

Term = "C'i[—k] = 15

2
4
Hx{-f‘- - 15
;L
R-l- -, -?4
ko= 2

(i) | (..—20x"+ ~)(8x+1)
x* term = —160x

o Coefficient of x* = - 160

Need a home tutor? Visit smiletutor.sg
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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]
(ii) Give a reason why the y-axis is a tangent to C. (1]

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

(iii) Show that the equation of the tangent to the circle Cat Pis 3y - 4x=-4. [3]
(iv) Find the coordinates of the peint where the circle C crosses the x-axis again, [1]
SOLUTION

12 | X439 =10x+6y+9=0

(i)

X =10x45 -5 4y +6¥+9=0

(x=5) +(p+3) =25
So, centre 15 (5, —3) and radius 15 5

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

— _0+3 3
{iii] g Poovmire -I =] 5 = 4 |
4
Equation of tangent is v = _ x+¢ :
3
4
0==r¢
At P(1.0).
‘ 4
o=——
3

4 4
y=—x—— or 3y-4x=-4
3 3

(iv) | X =10x+5" =5+ +6y+9=0

suby=0, x*-10x+9=0
(x=1)(x-9)=0

Coordinates = (9. 0)

&1

Need a home tutor? Visit smiletutor.sg
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13 Ina Science expenment, a container of liquid was heated to a temperature of K °C.

It was then lefi to cool in a chiller such that its temperature, 7' °C, r minutes after removing

the heat, 1s given by T'= Ke ™, where ¢ is a constant.

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

! (minutes) 2 4 7 1 i2
FoC T2.8 60.2 45.2 34.0 28.1
(i)  On graph paper, plot InT" against 1 and draw a straight hne graph. (3]
(ii)  Use the graph to estimate the value of K and of g, [4]
(ili) Estmate the temperature of the liquid 5 minutes afier it was lefi to cool. [2]
SOLUTION
13 T g Kvl‘.". i
(i) | Labelling of axes of graph
correct plots
straight line almost passing all points
— —
(i) | 7= Ke™
Inf =—qgt+Ink
PR T 3. S ]
g = 7 0.09
3-8
g = 0.096
InK =4.48
K=¢"" =882
(i) | 7 =gg.2¢ 00w
= 54.6°C
Alternatively from graph,
t=5InT=4
T=e'=54.6°C
L B
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Mathematical Formulae

I. ALGEBRA
Cluadratic Equation

For the quadratic equation ax” + by + ¢ = 0 .
h+yb* —4ae

¥ = s

2a

Binomial Expansion

(a+b) =a"+

e n . n)
Ji?"":‘ﬁ[ ]ﬂ’ b+, -+[ Jff""'h' Tt

% J‘r )

L

where n s a positive integer and [ =
(n=r) r!

r

H]z nl n{n=1)..n-r+1)

2. TRIGONOMETRY
Identities

sin“ A + cos* A = |
2 2
sec A =1+ tan* A4
GO { | + e : |
sin{Ad+ B)=sinAcos B+ cos 4 sin B

cos(Ad4 BM=cos 4cos B Fsin A sin R

tan{ A+ B)= 1n4dtian &

1% tan A tan B
sin 24 =2 sin A cos 4
1 - 2 .2
cos2A=cos A-sim A=2cos A-1=1-2sin" A

21an 4
tan 24 = =104
1-1an” 4

Formulae for A ABC
i b ¢

sind  sinB  sinC

5

== 5" + ¢ - Zbccos A

A= Lagh sin C
' Need a home tutor? Visit smiletutor.sg
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The roots of the quadratic equation 4x —33x+16 =0 are e’ and i°. Find the

quadratic equation whose roots are « and #, given that @+ >0 and aff > 0. [6]
2 () Solve the eguation sin® y+2cos2y=2cosy for (" < y = 360" [3]
os( A+ B)+cos{(A- B
(h) Prove that -LE{— il L =cot B. [4]
sin(.A4 + B) —sin(A— B)
3

4m

A
N 2 radian
| 6

b

A ]

T

The diagram shows a triangle ABC in which angle CMB is — radians, angle B is a nght angle.
O

M is the mid-point of 48 and the length of CB 15 4 m.

Without using a calculator, find the value of the integer & such that

[6]

ZACM =5’

B¢ |TURN OVER
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E
The diagram shows a quadnilateral 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 lines.
(i) 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 AC bisects the angle BCD. [2]
5

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 £ POS = 2 5TR = 90

and ZOPS=8.

(i)  Show the length of O7, L can be expressed as L = 1.5siné + (.8 cos &, [3]

(i) Express L inthe form Rsmn(6+a)where 0' <@ <90 and R > 0. [3]

Hence, find the value of @ for which

(iii) L has a maximum length, 2]
=

(iv) L=12m. 7
Need a home tutor? Visit smiletutor.sg
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] 'I'H I
6 (a) Simphfy L +¥f’ [4]
2.T 2 e H &

(b) Solve the equation 57" = 8 + 4{5"}. [5]

c(a, 6)

/

// f-
D
i i
\ o~
- \‘\

k)

4 1'._1__ i) E o

I'he diagram shows a rhombus ABCD with vertices A and C at the points (2, 0) and (4, 6)

respectively. D lies on the y-axis and the line CB produced intersects the y-axis at L,

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

¢z ITURNOVER
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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 r cm and height & em. The slant edge of the cone 1s 3r cm.

(i) Given that the volume of the cylinder is 1087 em”, express h in terms of » . [1]
(i)  Show that the total surface area, 4 cm’ of the solid is given by A= 4:?{5—4 +r ] [3]
4
(iii) Giventhat r and h can vary,
(a)  find the value of r for which 4 has a stationary value, [3]
(b)  determme whether this stationary value 18 a maximum or mmimum. [2]
9 (i)  Find the range of values of m for which the curve v =(x—1){x—4)and the line
v = mix+ 3 do not mtersect . 3]

(i) Sketch the graph of v =|(x -~ 1)(x—4)|. showing the coordinates of the tumning point
and the ponts where the curve meets the x-axis. [3]

(iii) Find the number of solutions of the equation [(x —1)(x-4)[=-x+1. [2]

log, Sxlog, 4

1 (a) Without using a caleulator. show that I - =4, 3]
ﬂg.‘!‘ 2
.. 2x
(b) Giventhat y=In,|—— ., x>0 and x<-4,
x+4
‘ dy

(i find —. 4
) e [4]
(ii) Hence show that v has no stationary value. [2]

Need a home tutor? Visit smiletutor.sg
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12

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 isa factorof P(x),

(i) find the value of a and of b [5]

(ii)  Explain why the equation P(x)= 0 has only 1 real root. Hence find this root. [4]

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

2015 CHS PRELIM 3 ADDITIONAL MATHEMATICS (4047/2)

(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 . (4]

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

- End of Paper —
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Mathematical Formulae

I. ALGEBRA
Quadratic Equation

For the guadratic equation ax*+hx+e=0.

s bty f:r'-'-— '-EL"

2a

X =

Binomial Expansion

(a+b]" =a" +[TJH" rh-l-[:]u"'}b? +...+{”Ju" i T S,
. -4 .'r.

n"]___f;,l B _i(r;r-- lj...l:n—_r'+]]

where n is a positive integer and [
-

r!(n -r)! r!

#

2. TRIGONOMETRY

Identities
. 4 a
sm A4 +teos A =1
2 2
sec” 4 =1 +tan” A
cosec” A ] + cot” 4

sm{dxRB)=smAcosB+cosdsinB

cos{d+ B)=cosAdcos B Tsin4sm B

tan{ A+ B )= tan A +1an B
1F1an 41an B

sin 24 =2 sin 4 cos A
7 . 2 .
cos2d4=cos  A-sin"A=2cos’ A-1=1-25sn"A

b |
tan 24 = _<l0A !

1=tan’ A

Formulae for A ABC

] h (o

sind sin & . sin {:

-

%} bl
ga® =h" + e° = 2boccog A

A= labsinC
Need a home tutor? Visit smiletutor.sg
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si{ A+ B)-sm(A-B)
B cusAcnsE+szISmHrmsAmsB s Asm B
51nAmsH+cesA¢1nB—sm Acos B+ cos Asmm B

1 The roots of the quadratic equation 4x” ~33x+16=0 are ¢ and ", Find the
quadratic equation whose roots are @ and f#, given that « + f >0 and aft =0. [6]
SOLUTION
1 4x' -33x+16=0
c.1..'!.:?: = 4
aft =2 or — 2reject)
: 3
a’+f = 2
(a+B) =a’+ +2ap
_33 - 49
4 4
7 B2
o+ fi= 5 or —E{I‘EJEC'E bec a+fi=0)
. Equation: x’ —%.r+2 =0=2x - Tx+4=0
2 (a)  Solve the equation sin” v+ 2cos2y=2cosy for 0" < y <360 [3]
20s(.A A-B
(b)  Prove that u.m: i C_GS{ s, | 3 cot B . [4]
sin{A+ B)-sm(4—R)
SOLUTION:
A VvV — 11
| 2 | sin® y+2cos2y=2cos) |
| Y = B P e et —— =SS 1
(a) | 1-cos” y4+4cos’ y—2-2cosy=10
3cos’ y—2cosy-1=0
Acosy+ 1) cosy~1)=
|| (3cosy I}{ y-1) |
Cos y = —- or cosy =1 '
Basic Angle = 70.53 y=07,360
¥=109.5",250.5"
(b) LHS = cos( A+ B) +cos( A - B)

2 eos Acos .H
2eosAsm B

cos B

sin B

= col B




3
4m
S
-3 — radian
S\ B
A : M B
The diagram shows a inangle ABC in which angle CMB is = radians, angle B is a right angle,
M 1s the mid-point of AB and the length of CB is 4 m,
Without using a caleulator, find the value of the integer & such that ZACM = sin ! [ ;E ] [6]
L8}
SOLUTION
ImiE - i— _I
5} ME |
; Q.. |
AM MB . 44/3
L I
— — _— ‘\ _ —_ —
[ ) e
AC JI8V3) 47 = adi3 |
N
sin LACM wH £y
INE 413
1
s ZACM 2=x-1\.'f3 = —J,E_
W13 213
Vi i3
| 213 V13
)
ZACM = sm '[ Jj)]
26
Therefore & = 39
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The diagram shows a quadrilateral ABCD whose vertices lie on the circumference of the circle.
The peint £ lies on the extended line CB such that AE is a tangent 10 the arcle.

CE and AD are parallel Iines.

(iy  Explain why angle FAE = angle CAD. [2]
{ii)  Show that triangles BAE and DAC are similar. [2]
(iii) Given that AR = BE . explain why the line AC bisects the angle 800, [2]

SOLUTION:

4 |
(i} | #BAE = ZACB [tangent chord theorem )
LUAD (alternate angles)
(1. , . - .
In nangles BALE and HDAC,
LBAE = £CAD (part (1))
ZCDA = 180° - #ABC (opposite angles of cyclic quadrilateral ) |
= ZABE (angles on straight line) '
ZACD = £AEB (angle sum of triangle ) |
Hence, triangles BAE and D40 are similar |
_— Sy {
AR = BE , implying that triangles BAFE and D4 C are similar 1sosceles tnangles.
LACD = ZCALD
50,
= /BCA (aliernate angles)
i Hence, the line AC bisects the angle BCD.
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16" + 48(4™)

5 {a) Simphiy 27 % gt - [4]

B el o=
(b) Solve the equation 5" = 8 + 4(:& ) [5]

SOLUTION:

s 1074 as)

(a) e T
L2 482"

j:ﬂ w "‘II":;I

) zirhl +4E{24.\]
T 14.|+r|‘
_2%(2' +48)
- 217{2‘1}

zfl

|

3

=
b

oG | =

i

B 5 =5+ 457

|

5(5 j=s+4(5‘L

| Letu=5%"
| Su=8+ 3
"

Su" = Su+4
(Su+ 2 (w—-2)=0

3
u=— ; (rejected) or u=2

5'=2
Sa=04306 = 0431 (3s.1)
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The diagram shows the plan of a rectangular desk. PORS, i a comer of a room.

Given that the desk has length 1.5 m and width 0.8 m, and that ZP0S = ZSTK =90

and ZOPS =0.

(i) Show the length of OT, L can be expressed as L = 1 .5sin#/+0.8cos @, [3]

(ii) Express L inthe form Rsin(@+a)where 0° <@ <907 and R > 0. [3]

Hence, find the value of & for which

(iii) I has a maximum length, [2]
(iv) L=12m. [2]
SOLUTION:
{ - a N S ' - l
| g | £TSR=8, cosf = E = ST =0.8cosf
(i) | 0.8
| u |
sind/ = ?—': = (5=1.5smnf !
s |

| OT =08+ ST
L =135sin0+0.8cosd
(i) | L=15sm8+0.8cos@ = Rsin(0+«)

| | where R=+1.5 +0.8° =17
' (. .
| tane = ]}—f ra=28.07

L=1.7sin(@+28.07")

(idi) L. has maximum length when sin(&+28.07) = |
0+28.07" = 90"
6=619 (1dp)
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(iv) 1.7sin [E +28.07 } =12
. 1.2
in(6+28.07 )= -2
5111[ b } =

Basic Angle =44.90°
GL28.07T =449
&= 16.8 (1 dp)

\ ¥ L
I, A i ——t

¥

E A

The diagram shows a thombus ABCD with vertices A4 and C at the points (2, 0) and (4, (1)

respectively. ) lies on the y-axis and the hine BC produced intersects the x-axis at £

(i)  Show that the y-coordinate of D is 4
(ii)  Explam why the rhombus ABCD 15 also a square.
(iii) Find the coordinates of E.

(iv) Calculate the area of the quadrilateral AECD.

SOLUTION:

. 7 |
Midpoint of AC = [ 3 4“_“5]

2 2
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. I
Equation of perpendicular bisector of AC 158 y=——x+c

AL(3.3),

I
I=——(3)+
(3)+c

- y-coordinate of s 4.

(i) | 04

=~ == AD and CD are perpendicular, hence

_ ARBCID 15 a square.
Equation of BC 1s y=-2x+¢

=—2(4)-
A1 (4. 6). fy 2( )H:
c=14
Ly=—2x+14

(iii)

Along x-axis. y=0.
O=-2x+14

(iv)
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e

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

of radius » cm and height & cm. The slant edge of the cone is 3r cm.

(1) Given that the volume of the cylinder is 1087 em’, express & interms of r. [1]
(i1)  Show that the total surface area, A cm’ of the solid is given by A = 41‘[54 +r [3]
r
(i) Gaventhat » and h can vary,
(a) find the value of r for which 4 has a stationary value, [3]
(b) determine whether this stationary value 15 a maximum or mimmum 12]

SOLUTION:

H o - —_— —
arh=108x
(i) .
e li{h
=
| Total surface area = area of cylinder + area of cone
(ii) =2arh+ar' +arl
=2xrh+ ny +3mr°
10k .
= Em'{ HfJ +dirr”
e
= 43[ 2 (shown)
r
d4 -216;
i) | —=—"" 8y
dr r

——Needahome tutor? Visit smiletutor.sg
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(2) ilTﬁ—H +8ar=10
7
.
_,]_f:::r_ =8ar
e
216 =8
| r=73 N
Subr =3 mnto : =
| dr
| 5
£ 2
d—',f = 4327 + B
dr r
7
= 43":1? + 8
(3)
=247

Since I_ is positive, 415 a minimum. (shown)
r’
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A

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 . (3]
(11) Sketch the graph of v=(x-1)(x- 4}| , showing the coordinates of the turming
pomt and the point where the curve meets the x-axis. [3]

(111)  Find the number of solutions of the equation [(x ~1)(x—4) =-x+1. {21

SOLUTION:

9 y=(x-1)(x-4)
(i) (x=1)(x=4)=mx+3

¥ =Sx+d-mx—-3=0

X =(m+5)x+1=0
b* —4ac <0
(m+35) -4<0
(m+7)(m+3)<0
T<m<-3

(i) A
| A

W

(a) 1 solution

Need a home tutor? Visit smiletutor.sg
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log, 5xlog, 4

10 (a) Without using a calculator, show that =4. [3]
log,, 3
(b) Giventhat y= ]nJ = x>0 and x<-4,
x+4

v
@ find °. (4]

iy
(ii) Hence show that v has no stationary value. (2]

SOLUTION:
| tog, 5xlog, 4
(0 =5 g
log.. 5 . |
-4
(@) log, 5x lug_:,
~ log,5 Voo i log, 5
log, 5 7 log, 25
log, 25
- - ~
2log, 2+ log, 5
2log, 5
E—:I = 2md = A4
2
| 2x
v=In
(b) ' x+ 4
(i) ! .
2 2 1 2
| = In[ --E—J = —ln[ = }
| x+4 2 x+4 )
Y In2x-1 4
= E[n,_.t— n{x+ }]
v _ 12 1 ]
dx 212y x4+4]
B ]r{,riﬂ—.r_ 2
2| x(x+4) | i xfx+4)
2 0
=
(i) _1'{_r+4}
: dy . :
since d—:[l => there 1s no stationary value
X
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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. Giventhat x+2 isa factorof P(x),

(i) find the value of a and of b [5]
(ii) Explain why the equation P(x)= 0 has only | real root. Hence find this root. [4]
SOLUTION:

1| P(x)=2x"+ ax’ +bx+8

o Lo A e

Laslp=1

472 4

a+2b=17 B N
P(-2)=2(-2) +a(-2) +b(-2)+8=0
da—2b=8

2a-bh=4

Th=2.

a=1-2(2)=3

(i) | Plx)=2x"+3x" 420 +8
={x+2)[2x" + bx+4)

lerm in x° :

It =bxt 44X, b=-1

Pla)=2x"+32" +2x+8

=(x+ 2}(2:-.': -x+4)

for 2x" —x+4,
b’ —dac=1- 4{2}[4}
=-31<0
Hence. the equation 2x” — 1+ 4 = 0 has no roots.
So P{x)=0 has only 1 real rool.

Therootis ¥ +2 = 0 je x=-2
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12 The diagram shows part of the curve y =4 - ¢ which cuts the axes at 4 and at B.

.l"l T

(i

Find the coordinates of 4 and of 8.

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

(ii) Find the coordinates of C.

(ifi) Find the area of the shaded region

SOLUTION:

12

_'P'=4 -’

[4]

(i)

|
v

el =4

lx=|r14
2

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

Whenx=0, y=4-¢°

1

When y=0, 0=4-¢*

=3

=

A0, 3)

(ii)

& 1
dx 2
| :mh
=——
2
.
2

2015 CHS PRELIM 3 ADDITIONAL MATHEMATICS (404

712)




Equation of

1
tangent: y = - 5 3

When y = 0,

(iii)

Shaded area

=0 -

= G-

=3.91

Brmax43
2

x=6 = C(6,0)

|
4l "

=%x6x3— 4—pe? dx

L1

| 4 In 2
4x— 27 1

=i

! Al
4(4In2) - 2% —paﬁ

=3.9096

units’

~ End of Paper ~
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GHIJ 5t Joserh’s Convent/Pralim Exam 2015/P1 (

Answer sll questions.

i
| - R .

EXpress ——— in partial fractions.

Xpres 22r-1) n partia ons (5]
(i) Prove that cosec (60°-8) = - (3]

cosé {\ﬁ —tanf)
(i) Hence find, in surd form, the velue of cosec]5°. 4]
(a) Find the term independent of x in the expansion of (2x" ,_},}W. 3]
x

(b) Itis given that in the expansion of (5+ px)", the coefficients of x” and x'are the same,

(a)

(b)

(a

e

(b)

Hence, state the range of values of k such that

Express n in terms of p, [4]

The equation of acurve is y = (a+2)x" =3x+(a~1).
In the case where @= 3, show that y =7x~3is a tangent to the curve. 3]

Given that (m—4)x <3x-m, show that m cannot be positive. (4]

Sketch y = lx{] ~ 4x}|. indicating the coordinates of the maximum point and intercepts.

§~2.r’ = k gives more than 2 solutions.[4]

The diagram shows the graph of y =1 -—!xu:q where the x-intercepts are 4 and 6,

/\ y::l-]x—-ﬁ{
0 4 5\ -

Ifaline y=mx+c is to be added to the diagram above, determine & possible value for m

and ¢ if
(i) there is | intersection between the 2 graphs, (1]
(i)  there are infinite intersections between the 2 graphs. (2]

Need a home tLﬁ(g’? Visit smiletutor.sg
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(s) A curve has the equation y= eNx In(3x), where x > 0. Find an expression for %

Hence find j]’-lﬂ-:% dx. [4]

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

x =5 if y is decreasing at the rate of %e units per second at this instant, [4]

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

x 1 2 3 4 5

y 0.566 0.80 1.13 1.60 2.26
(i) Plotlg y against x and draw a straight line graph. [2]
(ify Use your graph to estimate the values of m and n, [4]
(lii) By drawing a suitable straight line, solve the equation y =0.9", [2]

A cylinder of radius r cm and height k 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.

20 em

A —— i
5om

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

F=¥n-{5-%}’xﬁ. (]

(if) Find the stationary value of ¥ and determine whether it is maximum or minimum. 6]

Need a home tutor? Visit smiletutor.sg




9  (8) Theequationofacurveis y= ‘;‘:‘ +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 <. Find

(i) the equation of the normal at x = ~]£2~. [4]

(i)  the x-values on the curve whose tangents are parallel to the normal at x = % (4]

lu H-J.l

D (0, B)

A € (15,0) S

¥d

In the diagram, 4 DC is a sector of the circle with centre C and BDCE is & 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 coordinates of A is (=2,0). 2]
(i) Find the equation of the line that passes through A4 and perpendicular to the line BC. [2]
(ili) Find the coordinates of E if the ratio of area A BC: area ACE is given to be 2:1. [5]
(iv) Given that ABFE is a kite, find the area of ABFE. [2]

~ End of Paper ~
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CHIJ St Joseph's Convent/ Prelim Exam 2015/P1

Qﬂ || Detailed Working Mark Distribution
4 Bx” +1 =dx' +2x+1+ x¥+1 M1 (for correct

x(2x-1) x(2x-1) quotient from long

division)
x+l A B

x(2x-1) x 2x-1 M

x+l=A2x-1)+Bx

Letx=0

A=-1 M1, M1

(for A and B)

Letx=0.5

05B=1.5

B=3

i
L. SOOI TR 8 RS Al
x(2x—-1) x -
=
) cose (1 VR . NI
cosd (v/3 - tan §)

LHS

- 1

sin (60°-6)

|
~ sin 60°cos @ —cos 60°sin &

) 1
3

TB] m:?'!'.?- (%] sind

_ 2 +cos 8
\3cos@-sinf +cosd
2 RHS  (shown)

" c0sf (V3 ~tanf)

M1 (for applying
Addition formula)

M1

Al
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GO P =GO P

n(n=1)n-2)(n-3) [5]"'*;1‘ _ n(n—1)(n-2) (j}u-.'l p"

1x2x3x 4
11;_3-{5}#—1 F. - [S}H'] p!

n-13
L7 au$
4 P

n=29-+3

r

Ix2x3

2(ii) cosec15°
= COsEC [ﬁ[]"-45“} M1 [fDI’ 9.:_4517:'
2
"~ cosd5° (43 ~tan d5°)
2
" cosd5® (V3 ~tan 45°)
2
T .5 « M1 (f inl £
315(\@‘1) (for spec 5)
__22 A+ M1 (for rationalising)
(-1 (3+1) i
=V2(V3+1) or V642
3(n) 75l = N
(2x ?;']
ir:-i-l
=]ucr(zx1]'lb-r[_x-ﬂ.l}r M1
i | ﬂcr {E}W-r (_ nr [x}lﬁ—l r-3Sr
=] 'DC, {2}“'-! {_ nr (x]:m—l..‘:r
-
4n
20-2.5r=0 M1
r=8
=T =10C,(2)' (-1)! =180 Al
am | S+ px) -

M1 (for specific term
or correct expansion)

M1, M1 (for applying
"C. formula to both
sides)

Al
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¢

4(a)

y=(a+2)x" -3x+(a-1)
Lota=13,

p=5x" -3x+2

5x' =3x+2=Tx-3

5x* =10x+5=0

D=(-10)" -4(5)(5)=0

Therefore y = 7x—3 is a langent (shown).

Mil
Ml

B1

4(b)

(m=—4)x* <3x-m
(m—4)x* -3x+m<0

(=3)* - d4(m—4)(m) <0
9-dm(m—-4)<0

4m® =16m-9>0
(2m+1)(2m—9)>0

1 1
C==, m>4—
s

2

1
Since m—4 <0, thusm <-E.

.. m cannot be positive (shown)

M1 (for D<0)

M1

M1

Bl

5(w)

-
L £

i

!

i

L

b
s 4 i 7 dok i Sl
1= .I__!_,,_ _.,i..- . T, 1 L,i‘..._..._.q_T....l...
b.0- t =02 ’ i loat i }_nfll__i N ?s
G i g P 1 TR K
G SOELE S N e TS T MR SO
AR LYY | R 5 A bttt

shape - B1

turning pt &
x-intercepts - B1

68
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x
-2xl =k
|§ 3
%|x—¢x’}=k
(1 - 4x)| =2k Mi
1
0<2ks—
16
O<k ﬁ—L
32 Al
Efb)(ﬂ = E, c=] Al
OR any other relevent enswers
(b | O 1) and (4, 0)
m-'g_—‘;— M1
y=0=1(x-4)
- y=x-4 Al
on
OR Alternative answer;
(5, 1) and (6, 0)
m_lln_— =] M1
5-6
y=0==Il(x-6)
y=-—x+6 Al
6(a) | y=evxin(3x)
1
:%:%ex 1 lu[3x}+%e-u’; M1
_ ein(?.tx)_l_ e
23: 7;
_ eln(3x)+ 2e
2/x
=€[fﬂ(33=]+2] Al
2Jx

.
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sefln(3x) +2] s
'["_:‘..J;_ dr = [I.'-'\IG'IH(J'I]L M1
I'—‘fn(]x}+2 i
! 25:;
=[x In3x)];
=\5In15-In3
=496 Al
6m) | y=6""
I~
£=5g~f;‘i(r 1}:=3¢ M1
dx 2 x-1
W=
1, e & M1
) x-1 df
1 3¢ dx Ml
e W —
y/ 2 dl
——=-ls units/s Al
8() Ezlﬂ—h M1
5 r
20r=100-5h
100-5h
r=
20
r Sﬂlh
4 M1
| 1
V ==n(5)(20) - n(5-—k)*h
3—1{]( )=n( 2 )
0
=5"3"—(5—~i.h)*;m (shown) Al

b
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8(ii) _m‘J_{s—fh]‘
< 3007 —15::&+—:rrh’ ——H"l’
i 2 1
dV 3-.4
ol g h——mh
7 257 +Smh lt’:ﬁ M1
3
—h* —5h+25=0
T M1
2
h=20 (rej), h=6?‘:m Al
d'v 6
T
=5g-ix(ﬁ—1-}>u (min) Al
16 3
500x 2; . ? Al
e (- b— 5=1=2%91lcm
3 (5 3} 7( 3)
9(a) y=i+1nx’=-5-x"1+1ﬂx’
v} e k
-« dy 10
b O 1T M1
¢ h}—l—_ X
Mi
-—1-51- 30x" =0
~10+ 30k’ 0
e
10=30k(2*)
1
k=—
96 o
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’

9(b)(i) | »=2c0s'3x
Ej’—n—]icnﬂxsiu!: M1
dx
X i 3
- adl i TR
m, 12nu33{12}am 3(12)
l
m_—-ﬁ M1
e et
=— =2 —)=1
x u._v cos 3[12)
1 n
}"IEE{I ]2) M1
}"#%I-P 72?;” Al
b)) | ~12cos3sindx = -
-6(2sin3xcosdx) = %
gL M1
sinbx = Y
c=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
100) | J(15-0)* +(0-8)’ =17 units M1
A=(15-17,0)=(~2,0) Al
F
: -0 B
10(ii) . .
T = 0-15 15
M, ac =l—5 M1
8
Equation of line L BC:
P-ﬂ=1§5—(r+ 2)
15_ 15 AL
T4
70
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Equation of line BC:

10(iii)
y—E=—%(x+ﬂ]
_}ri—“ﬁx".‘-ﬂ M1
LBtB('E-}'}
8 136 .1
T e — -2 E:—mg—
TR A TI T
1
B(-2,9—
2 ij} M1
ABC & ACE share the same base AC.
Hence, 1 height of £ to x-axis should be %ni‘ AB.
4 g ¥l 68 B
L height of E to x-axis =—(9—) =— =4 —
L T T T .
8
Let E(x,—4—
(x ]5)
—4i=-1[.r}+5 M1
O 15 1 15
® x=123=
2
1 B
E=(23-,4— Al
( 2 .15:J
Iﬂ[i\'} Aren of ABFE = Area of :J.I:A.EE}
12 -2 %? -2 M1
"2 136 68 *
0 — -= 0
15 15
=1231.2 units? Al
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GHW 5t Joserh's Convent!Prelim Exam 2015/P2

k

(2x +5)
to the curve at (-2, 0) is perpendicular to the line 5y =x—1!. Find

The curve for which %: —1, where k is a constant, is such that the tangent

(i) thevalueofk, [2]

(if) the equation of the curve, [3]

The roots of the equation x* =mx—2m" are @ and #. Find, in terms of m, an
equation whose roots are LJ and £ [6]

a ,(':"'

(a) Without wusing a calculator, find the wvalue of ¢ given that

- E —_ ’
34+3J1?s'~(7i- c]. [3]

(b) The volume of n cylinder is (9 ++/50)x cm®, Given that the cylinder has a radius
of (2+ Jf} cm, find, without using a calculator, the height of the cylinder in the

form U+:ﬁ. (4]

An object is heated in an oven until it reaches the temperature of 90 °C. It is then
allowed to cool. Its temperature, 7" °C, when it has been cooling for time ¢ minutes, is

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, (3]
(i) Calculate the value of T"when ¢ =10. [1]
(if) Determine the rate at which T'is decreasing when £ =25, [2]
(lif) Find, to the nearest minute, the time taken for the temperature of the object to

drop below 35°C. [2]
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8

() Express yin terms of x, log, x*y =3+ log, x -

ok (4]

¥

(b) Solve the equation log,(x+5) - log z(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 Is :;; and [2x" + (2k +1)x—3] is a quadratic factor of
f(x). Given further that f(x) leaves a remainder of 30 when divided by (x—2), find

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

(i) by using the result from part (i), the number of real roots of the equation
f(x)=15(1-2x), justifying your answer, [4]

The diagram shows & circle ABCD and the tangent ST of the circle at point C. B and C
bisect AT and ST respectively. Prove that

() AA4BC is similar to ASDC, [4]
2ACx DC
) ASe—Gme— 4
(i) — [4]
B
D
8 € 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]

(iii) Another tangent at 0, which is parallel to the y-axis, meets the tangent found in
part (if). Find the points of intersections between the two tangents. [3]
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(
9 () Gimt}ﬁty:x‘Inx’,shuwth.at%=3x{1+2hx}. 3]

(if) 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.

(a) Find the x-coordinate of . 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 = e and the curve is %(aun. (4]

¥

'

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

(if) Hence solve 3cos2A+4sin24=4 for 0°< 4 <180°, (3]
(lii) On the same axes sketch, for 0° < x £ 60°, the graphs of 3]

y =2sin 6x and yﬂl-%ﬂusﬁx.

(iv) Explain how 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 (lii). (2]

12
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11 A particle moves in a straight line such that f seconds after passing through a fixed
point O, its velocity, v m/s, is given by v=24cos(21). When t=0, its displacement
from O is —6 metres. Find

(i)  the magnitude of the acceleration when =1, 2]
(ii) the value of f when the particle first reaches the fixed point O, [4]
(ili) the distance travelled by the particle up to the second instantaneous rest. [4]

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

(i) Find an expression for v [2]
(ii) Find the x-coordinates of the stationary points. (2]
(ili) Without determining the nature of the stationary points, show that y decreases as

x increases between the stationary points, (3]
(iv) Determine the nature of the stationary points. [4]
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i SR s A R B VTR RS S by
Qul Maridngpoine. AT | (Relmarks
&) | dy| ' Ml
(5m) | g, =7
S TR
(2(-2)+5)’
— Al
® |d_ 4 1
de (2x+5)
4
¥ etae FOE
r=] (2x +5)"
= [1]:+5]= —-X+cC M1
Sub (-2,0), 0=1-(-2)+¢ M1
=-3
|
=———x-3
Y= lax+sy Al
2 x! — i+ 2m =0
a+f=m Bl Either sum or
af = 2m’ preduct
@+ =(a+pf)l(a+f) -3af] Mi
=m[m® - 3(2m*)]
=-5nr Al
1,1 _a+p
a g oap
_ =5m’ '
“[g_mTT Ml
PN
Bm’
1 1 1
— e =
a,} ﬁ.‘l (ﬂﬁ]]
1
= (2!2‘:1]] Ml
S
8m®
2 5 1
T
Bm®x? +5m’x +1=0 Al 3
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=-0.616 *C/min
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Q% R i Marking point , " ! | Awarded " R‘FF.'“.‘?,‘!-*- s
3(1) 6 1
34+3JI18=[-—-—¢J
g2
34+ 2442 = (32 - ¢ i
34+ 2442 =18-6cy2 +¢ M1
3442442 =18+ ¢~ 6c2
24 = —6¢
@ | #2+v2)h=(9+50)7 Mi
(6+4+2)h=9++50
pa 3t52  3-22 M1
23+242) 3-242
27-3.2 -
=—-3‘E A M1
29-8)
_7-31
2 Al
4 i
T=k+he ™
(=0, 90=k+h Ml
t=101In3, sm=;;--.g M1
S0&Z K
3
h=17s, k=15 Al
(i) t=10, T=15+75"
=42.6° B1
i i
(i) T=15+75¢
ﬂz.: }'5[__[_] "W
dr 10
| 15 M1
2 .
El£| 15 -5
=——¢
d" f=23 2 EI
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iy P 2 e et sy Dimiatt S Markke | ol L
Qn - : LELeR T ARTM .
._Q s et __MFTJP.“E P_!_’mt; ey Awandad: . Rp:_:_:t_ilrj_lu.
i) T .
15+75¢ 1 <35 Accept working
L4 which is in the
g 10 {]_5_ equation form
—L-::lni
1015 Wt
r:»l{:-lnizl}J
15
t=14 Al
3(a) 2 1
log, x*y=3+log. x—
Og; X ¥ 05 2log, 5
logs x’y =3 +1 x-llu
5. WA= g sy Ml Change of base
2log, x’ y =6+2log, x—log, y
1
log, (x?p)? = 6 + log,
’ 4
1,43 <5
log(x*y) -hs,—__;=ﬁ Evidence of using
3 M1 Power / Product /
log, i%-}i'- =6 Quotient law
x
Xy =5t
{/5‘. Ml Index form
y={=
X
25 2
}’—?:? 0.c Al Accept x’
®) | log,(x +5) - log 5(x—1) = log, 2
log, (x -1
log,(x +5) ——Q.Ell:—l—} =log, 2 M1 Change of base
log, 3?
log,(x +5) ~2log,(x~1) = log, 2
o X+5 _ Ml otient rule
E!- (x_ljl !gglz Qu
x+5=2(x"-2x+1) M1 Index form
2%’ -5x=3=0
(2x+1)(x-3)=0
¥=-1NA), =3 Al |NoAl ifinvalid
2 ans is not rejected
- Need a home tu:[tén‘? Visit smile1tutor
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3 1
Radius= -i] +2

Need a

nome tutor?

i

S ez _._:-F.ﬂ:'_:_}_- ity s .'_,’;:_.;_ 5 T i B
Qo)  Markngpiar | M Remarks
6() | f(x)= (dx—4)[2x" + (2k+1)x-3] M1

f(2)=130 M1
2[8+(2k +1)2-13]=130
5+22k+1)=15
2(2k+1)=10
k=2 Al
f(x) = (3x—4)(2x" + 5x-3)
=(3x-4)(2x-1)(x+3) Al No Al if given as
f(x)=0
(1) | f(x)=150~2x)
(3x-4)2x-1D)(x+3) =-15(2x-1)
(Bx=A)2x-D(x+N+152x-1)=0 o
(Zx-D[(3x—-4)(x+3)+15]=0
(2x-1)(3c* +5x+3) =0 Ml
2x-1=0 3z +5x+3=0
D=5 -4(3)(3) <0 Ml Use of D or qued
formula
No of real roots = | Al
(i) BCHAD (mid-point thm) Bl
£LSCD = £CAD (alt segment thm) M1
= /ACB (alt 2£)
LABC =180 - £LADC (£ in opp segment) M1
= £5DC
ZABC is similar to Z8DC Al
(i) | AC _BC ;
bt it art
SC - CD (part (1)) M1
ACxCD :-%AS:-:SC (mid-pt theorem) Mi
2ACxDC = ASxTC (C bisects ST) M1
AS= 2ACxDC
B Al
8(i)
A=(3,0), B=(0,4) M1
= centre lieson L bisectorof 04 & OB
3
AC=|=,2
(&)
MI

Visit smiletutor.sg
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§ JE _3
3Y L 25 -
i -112"_ ¥
(o3
; 9 25
x4t P —4y+d4—2=0
kY 31“"4"'3" y+ 3 Al
x4yt =3x-dy=0
(if) x40 y,+0 3
L Zdedy =22
[ TR ] [2 ] Ml
(‘rl" }"r} ”{3' 4)
T 3
W-J' mT 4 Ml
3
il
y-4=-2(x-3)
dy—-16==3x+9
4y=-3x+125 Al
(il1) | Since tangent // to y-axis => x = ¢ from centre of circle
3 5 3.5
e —— e =—t—=4
R M
; 13
{I._}']={-—1.?L [41?] Al Al I
MW | y=rine - ‘
=3x'Inx
:x_}'=3[x=[5+;mx) MI, Ml
=3x(1+2Inx) Al
(ii)(e) | xlnx=0 Ml
x=0(NA), lnx=0
x=e'=1 Al
®) . 1y AT
J. 3x(1+2Mnx)de=[x"In x| Ml
. _ 3
I13x+ﬁxlnxdx-s'ina For fngsguading
3 . 2 3x
E["JI +!| 6xln xdx = 3e* e For substituting
. § 3 M1 um.itﬁ
[(6xinxde=3e -E(J—l)
["6xinxde=2(e* +1)
’ s Need-a-home-tutor2-Visit-smiletutor|

\
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gld

bl UG T | Awardea |  Remarks’s:
' 1
Lxlnxtii:=z(e’+l] Al
10(3) Reos(24-a)
“JF+d t:-::us[Zr!-tan" [g)} Ml Either R or ¢
i 500!(21! _53:10) Al :ND Alif0 not
in 1d.p.
(i) | Jcos2A+4sin2A=4
5cos(24-53.13°) =4
cus{ﬂdﬂ53.13ﬂ}=% M1 Do not penalise
for d.p. if thi
24-53.13° =-36.87, 3687°, 323.13° done npart ()
24=1626° 90.0°
A=B.13°% 45.0° Al Al
(i) > B1 for sine graph
3
[ B1 (amplitude),
[ 2 N | B (shape) for
1 \ \ ! cosine graph
[ 15 3 45 0
-1
-2
M) | 2uings =2-%m56x
43in6x =4 —3cosbx
Jcosfix +4sin6x =4 Ml
Let A=3x
3cos2A+4sin24=4 Al
L1G) | v=24cos(2r)
a = -48sin(21) Ml
f=1, a =—48sin(2)
=-43.6
la| = 43.6 mvs* Al
(D | 5= J’ 24cos(2()dr Need a home tutor?|Visit smiletutor.sg
=12sin(2t)+¢ Ml




8d

10(1i)

Equation of line BC:

y-E=—l—35~(x+ﬂ)

y=—%z+ﬂ

Let B(-2,y)

8 16 1
= e | Ez-—-—: _—
TS L TIT:

1
B(=2.9—
{2,915]

ABC & ACE share the same base AC.

Hence, L height of E to x-axis should be luf’.{E.

8
Let E(x,~4—
(% —47)

8 8
——— +8
BT

1
x-?.ﬂi

1 B
N Vel .
E (132, ”]

M1

M1

M1

M1

Al

10(v)

Area of ABFE = Area of 2(ABE)
47
-2 -1 — =2
2

-5 136 68 %%
2l

e S

15 15
=231.2 units’

M1

16
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g oS Mukdag ol ¥ o e | Remariks -
t=0,5=-6 =>c==6
§=125in(21) -6 Ml
When P first reaches fixed point, s=0.
125in(21) -6=0
sin(24) = 0.5 Ml
ik
6
w 7 4
12 2 A Al
(iii) | Atinstrest, v=0 _
24cos(2N =0 MI
Uul, Eld
2 2
(X 3
4" 4 Al
§=12sin(2r) -6
t=0,s5=-6
r=£, s=6 i
4 M1 Either for r ==
ir 4
t=—1 s=-18 | I
4 [ort==2
I=5, 5=-6 4
Dist =6+12+18=36m Al
tmg 1"
Im_f F=10
— R
+ ¥
_{; w_i i }.,.
I'-T o .:_; r“%
s =0 1=
120) | y=(x=2)x+1)
d
o == 2B +17T+ (x+1) M
=(x+1)*(3x~6+x+1)
=(x+1)*(4x-5) Al
(i)
%={x+l}z{4x—+$) =D M1
x=-], :=§ Need,aa]homT tutor? Visit smiletu

tor.s
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ld

,,".":"": i .:,:';.:_I . = . u_rk'.y -‘.._ FH A ,.-___ g 'i,_l pE M“rk\..l
qul' e ‘F’erklﬂj [Jﬂillf- 'f:'} Ak -E.ia'h"'r:-'""‘ AWﬂI‘ﬂHEiH:
i
) For —ISxS%,
('t+I)1}E 4I“5{D MI,MI
Y (x+1)}(dx-5) <0 Al
OR
x A -':i
Sign of %‘;‘— = -
Since gradient is negative between 2 stat points, y
decreases as x increases between the two stat points.
(iv)
<=1 -1 |>-1
Ylove | 0| ve M
dx
\ - \
x=-1 is a point of inflexion Al |
BY & 45
4 | 4 4
lil Ve 0 +ve Ml
dx
\ - [ |
. Al
x == is a min point
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Marhematical Formulae
1. ALGEBRA

Ouadratic Equation

For the equation ax” 4+ bx+c=10,

- b+ u"rb: - dac

n
]u" "B b

r

- n[n—]:l. .[n—-r i ]]

2a
Binomial Expansion
» r”‘ "= ,I n=21
[a+b]":cf'+[ ‘ﬂ 'he| @™ b .4
1) ey
2 L n m!
where n 15 a positive integer and = =

r)ortn-r)

r!

2. TRIGONOMETRY

Identitics
sin“A+cos A=
ver” A=1+dan " A

A=14+c01° 4

(B AN

s {4+ B)=smn Acos B+ cos Asn B

cos{ A+ B)=cos dcos B Fsin A
tan 4 + tan B
1 F1an Atan B

sm2Ad=2smAcos A

tan{d+ B)=

cos2A4=cos Ad—sin"A=2cos A-
2tan A4

2= ———

I-t1an- 4

Fornudae for AABC
b

sin A ) sin B - sin”

i 8

a=b+c —2bccos A

|
ared of AABC = 5 absin C

CCHY Pralim Exam (2015)

Addilional Mathematics Paper 1 /Sec 4E/SN(A)

sn B

I1=1-2sin "4
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1. (1) Skeich the graph of v =8x™" for x>0, 1]

(11l (i the same diagram, sketch the graph of v = ]1 ¥ for x=0 (1]

{m)  Caleulare the exact coordinoies of the point of imersection of the graphs.
12]
{iv)  Determine with explanation, whether the normal to the graphs a1 the poin

of imersection are perpendicular. [2]

2. The cubie polynomial ITx) is such that the coefficient of 27 is 1 and the roots of
fix) = Qare -1, m and 2m, where s is an integer. It is given that fix) has a
remainder of & when divided by x=1.

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

(i1}  Hence or otherwise, solve the equanen ¥" - 5" +2v" +8=0. [3]

L] A cuboid has a square base of side [ 2 4 J.J'\.'I.:'| jcm, where @15 an integer. The

height of the cubord 15 (1 4 3 ) emiand i1s volume is (V27 - 5 em’.
(1) Find the value of a. 13]

(ii] With 1he valee of ain (1), find the toral surface srea of the cuboid in the

foam ( 2+ .rpu"i yem’, whese pand g are integers 2]

4 The equation of a corve is y = 43, A siraight line has equation y=mx -9,

(1) Explain why the straight line 1s a tangent 1o the curve when m = 9. [ 2]

(1) Find the other value of m for which the line v = poe—=9 1% a tangent 10 the
clrve. [3]
(i)  State the set of values of m for whach the straight line does not miersect

the curve. [1]

GO HY Prelim Exam (2015) Additional Mathemaiics Papor 1 /Sec 4E/GMIA) pgAcl?
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5 The diagram shows pan of the graph of v =[2x—1|-2.

A

¥
4
-\]

Y,

\F_f

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

{11} Explain why the lowest point, € on the graph has coordinates {% y—2)
[2]

(1)  Ineach ol the following cases, determine the number of inlersections of
the line y =mx+¢ with y =|2x— J}— 2, justifying your answer.

{a) m==2and c>=1 [2]
(b)) m=1 and ¢ =-3 [2]
fi, In a simplified prey-predator model, some wolves were dehberately miroduced 10

an island to curb the populanon of wild rabbits. The population of rabbits, . was
given by R =400+ 6000e™"" | where 1 is the number of days since the

intreduction of wolves,
() Find the imnal population of wild rabbits on the island. [

{11} After how many days would the population of wild rabbits first drop by
A0%? 2]

(1) Explain why the rabbits would never extinet on the 1sland in the long run

[

CCHY Prahm Exam (2015) Addiional Mathemaltics Faper 1 /Sec 4E/5N{A) pog 4 of 7
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Solutions to this guestion by accurate drawing will not be accepted.

7.
Ya A7)
D(-2,1)
B (8, 4)
-
0
E
c

The diagram shows a trapezium ABCD in which AD is parallel 1o BC. The points
A, Band D are (2, 7), (8, 4) and (-2, 1) respectively. The pomnt £ 1s on BC and DE
passes through 0.

(1) Show that ABED 15 a parallelogram. 2]

{1} Find the coordinates of E. 121
Criven that CD = CE,

(1)  find the coordinates of C. (4]

(v}  find the rano of the area of triangle CODE 1o the area of ABED. 2]

; ) . ) tA+1
8. {a) (1) Without using a calculator, prove that col(45° — 4) = s :

cot A=1
(3]
i) Hence find the exact value of cot15°, [2]

(b) Find an expression for f{x) such that
e 3 m 3 « 1
T {x)= 3sm {:'l.\'—_—$}+cn$ .t—lﬁn‘;.\'. 31
CCHY Prelim Exam (2015) Additional Mathematics Papear 1 /Sec 4E/SN(A) pg 5ol 7
go
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9 (1)

(i)

10.  The equation of a curveis y=xe .

-5
Express % as the sum of 3 partial fractions. [4]
X {l—X
8x-5
Hence find j,—dt ; [2]
x (I-x)

5

{1) Find the set of values of x for which y is an increasing function of x.
[2]
(i)  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 ¢ylinder are r cm and h cm respectively.

Fcin

hcm

(1) Express b in terms of r gi"s.'un that the external curved surface area of the
cylindncal part of the solid 1s 1200 em’. [2]
{ii) Express the volume, ¥ em’. of the container in terms of r. 21
(ii1)  The solid is heated and it expands at a rate ol 0.81 em’/s. Find the rate at
which its radius increases when the height 1s 60 cm. [3]
CCHY Prelim Exam (2015) Additional Mathematics Paper 1 /Sec 4E/SN{A] pgGol 7
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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 varables, x and y.

X

0.5

1.5

3

4.5

3.3

6

¥

4.43

5.29

7.44

11.4

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)

(11)

(1i1)

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

data.

[2]

Diraw this graph for the given data and use it to estimate the value of a and

of b.

[4]

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

ab* =5e ¥

CCHY Prelim Exam (2015)

END OF PAPER

[3]
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Mathemarical Formulae
1. ALGEBRA

Chiadratic Equation

For the equation ax’ +bx+c=0,

_—bEb* —dac

2a
Binomial Expansion

n

(a+b)"=a" +[rll]a"" b+[2]a“3 b +...+[")a”" b" 4. .. +b"
r

1 = =
where n is a positive integer and (n]= = aln=1)..(n-r +1)
r) rlln—r) rl!

2. TRIGONOMETRY
Tdentities

sin“A+ecos A=1

sec - A=1+pan’ A

cosec - A=1+cor - A

sin (A4 + B)=sin Acos B + cos Asin B
cos(4 4 B)= cos Acos B ¥ sin Asin B
tand+tan B

1 ¥1an Atan B
sin2A4d = 2sin Acos A

tan (A4 + B) =

cos2A=cos A—sin A=2cos’ A-1=1-2sin" 4
tan24d = ﬂ
I—tan A

Formulae for AABC
a [ S~

sin A - sin & - s

aa=b +¢ -2bccos A

!
area of AABC =35 absm C

CCHY Preliminary Exam {2015) Additional Mathemalics (Sec 4E) pg2of7
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Sketch the graph of y=8x~" for x> 0. [1]

1]
(ii}  On the same diagram, sketch the graph of y = %13 for x2 0. [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:
J.' . I i
7
@r=7%
| mark for each graph
(i) p=8x"
- 1
(m) y=8x"
] =
y=—x
4
Br' = 1 X
!
x= =32
¥= 32i
3 M1
={25)§ =21 =4
y=8(4")=2
The coordinates are (4, 2). -—— [Al]
chr .
(1v) y=8x", - =_8x
; i
CCHY Preliminary Exam {2015) Additional Mathemalics (Sec 4E) po3of 7
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3 !
y:lx:.'ﬂ:éx:
4 dr 8
When x =4,
% =8y~ ==8(47%) =_]E' gradient of normal =2
|
%z%r’ =%=%,gmdicmufnunnal= —% 2

4 8
2x——=—= =] — [M]
i [M1]

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

—— [Al]

OR

dy i -}

d—r—ﬂx =84 }__E

dy_3 1 34 3 =

de 8 8 4

e ) [M1]

274

Since the tangents to the curves at the point of mtersection are not perpendicular,
the normals at that pomt are also not perpendicular. -——— [AT]
. The cubic polynomial f{x) 1s such that the coefficient of x* is 1 and the roots of

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

(i) Find an expression for [{x) in descending powers of x. 141
(i)  Hence or otherwise, solve the equation v* =5y +2)y7 +8=0.  [3]
Ans:
(1) Let fx)= kix+1Dx—mMx—2m).

Since the coefficient of " is 1, k= 1. -~ [M1]

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pgd ol 7
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flx) = (x+1)(x —m)x—2m)
fl1)=6

(1411 —m)(1 = 2m) = 6 — [M1]
(1=m)(1—2m)=3

2m' =3m+1=3

2m’ —=3m-2=0

(m—=202m+1)=0
m=2 nrm:—%{mj] ----- [M1]

fx) = (x+ D{x—2)x—4)
= (x+1){x* —6x+8)
=x -5x' +2x+8 ——[Al]
(i) Let x=y°
()Y =507°) +2(0") +8=0 -—— [M1]
=5 +2x+8=0

(x+Dx—=2Hx—4) =0

x=—],x=2orx=4
y'==1(rej), " =20r p* =4 [M1]
y=iv1, y=42 [A1]
3. A cuboid has a square base ufsidt{l-haﬁ}cm, where a 15 an integer. The

height of the cuboid 15 (1 + J3) em and its volume is J27 -5 )em'.
(1) Find the value of a. (3]

(i)  With the value of @ in (i), find the total surface area of the cuboid in the

form(p+ qu‘? ) em’, where p and g are mtegers. [2]
CCHY Preiminary Exam (2015) Additional Mathematics (Sec 4E} paSol ¥
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Ans:
() (2+av3y(1+3)=427-5

335
T

(3J3-501-3)
- ]
1+3)1-3) M)

_8/3-14
-2

=7-43
4+3a’ +4aS3=7-403 = [M1]

(2+a/3)

4432 =7.a° =La=1%1

da=—)a=-]

(if) Total surface area = 2(2 - J3)° + 42— 3)1+43) —— [M1]
= 2A7-43)+4(3-1)
= 14-8/3 4434

(10-443) em’ - [A1]

4, The equation of a curve is v = x" + 3x . A straight line has equation y=mx—-9.
4 ]

(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 straight line does not intersect

the curve. [1]

Ans:

COHY Preliminary Exam (2015) Additional Mathematics {Sec 4E) pg Gof 7
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(i) y=x+3x
y=9%-9
x +3x=9x-9
x'—6x+9=0
Discriminant = (—6)" —4(1)(9) = 0 -—-—- [M1]

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

(i) x* +3x=mx-9
' +(3-m)x+9=0

(3=m)’ —4(1)(9) =0 -—-— [MI1]

(3-m)’ =36

3-m=16

m=-=3or m=9(rej) ———- [M1]

The other value of m is -3, —— [Al] '
()—3<m<9 ceeeee [B1]

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

¥y
'y

4 By .

\0

Y

w

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

1
(11} Explain why the lowest pomt, C. on the graph has coordinates ( S 2)
121
CCHY Preliminary Exam {2015) Addilional Mathematics {Sec 4E) pg Tof T
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(111)  In each of the following cases, determine the number of intersections of
the line y =mx+c with y = ]2.1: - ll — 2, justifying your answer.

(a) m=-2and ¢>-) [2]
(b) m=1and ¢ <-3 [2]
Ans:

(i) [2x-1-2=0
[2x-1|=2
2x—1=2or 2x=1=-2 —- [M]]

2x=3 or 2x==]

.‘\{—%.EJ},B{I :».U} ——- [Al]

(i) 2x=1|z0, Px-1|-22 2
Since € s the lowest point on the graph, y=-2. ——- [M1]
Px—1|=0, x= ;-
Therefore the coordinates of Care ( % y=2), ———- [Al]
OR
Al the point where the lines tums, [2x~1| =0, x = é e [M1)
v=0=2=-2
CCHY Preliminary Exam (2015) Additional Mathematics {Sec 4E) pa Bol 7
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Therefore the coordinates of C are ( % , =2). —— [Al]

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

point, —— [M1]
Number of intersection = | -——— [Al]

(b) For m=1 and ¢ <-3, the line y = mx+c¢ is below C and the gradient
is gentler than the right arm. Therefore the line y = mx+ ¢ does not

intersect the nght arm. ——— [M1]

Number of intersection = 0 -——-- [Al]

6. In a simplified prey-predator model, some wolves were deliberately introduced 1o
an island to curb the population of wild, rabbits. The population of rabbits, R, was
given by R = 400 + 6000e " , where 1 is the number of days since the

imroduction of wolves.

(1) Find the initial population of wild rabbits on the island. [

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

{11i)  Explain why the rabbits would never extinet on the island in the long run.

[1]

Ans:
(1) Whenr=10,
R =400 + 6000e” = 6400 - [Al]
(1) 6400 = 60% = 3840

3840 = 400 + 6000e ™
CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pa 9of 7
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3440 = 6000e "

oo _ 3440

6000

3440
—0.02t = In{——) —— [MI
tﬁﬂﬂnj [MI]

I=278=28

It takes 28 days for the population of wild rabbits to first drop by 40%. -——-- [Al]
(ii)As 1 o0, ™ 50

As aresult, R — 400+ 6000(0) = 400 ---—- [Al]

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

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

7. v
Di-2,1
B (8, 4)
.
0
=
=
The diagram shows a trapezium ABCD in which AD is parallel 1o BC. The point 4
is (2, 7), the point B i3 (8, 4) and the poimt D 15 (-2, 1). The poimt £ 15 on BC such
that DE passes through O,
(i) Show that ABED is a parailelogram. 2]
(1)  Find the coordinates of E. 2]
Given that CD = CE,
CCHY Preliminary Exam (2015) Additional Mathemalics (Sec 4E) g 10 of 7
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(iii)  find the coordinates of C.

(4]
(iv)

find the ratio of the area of triangle CDE (o the area of ABED [2]

Ans:

(i) AD/I BE (given)

=N
b |

g-

Gradient of AF =

i

J
(]

Gmd.lEﬂlDfDE-—- LS, :—l
0-{-2) 2
AB N DE —eee-- [MI1]

With two pairs of parallel opposite sides, ABED is a parallelogram. -———- [Al]
(i1} Let the coordinates of E be (x, v)

x+2 y+T

_ . =2+8 441
3 3 =

= ) e M)

x+2=6,047=5

x=4 yp==12

E (4, -2) --m- [Al]

(ili}Since €1 = CFE € hes on the perpendicular bisector of DI,

Gradient of DE = —é

Gradient of perpendicular bisector = -—: =32 ceeeee [M1]
\~ E]

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

Midpoint of DE s ( =2n l

2 H——]

=2xl+cc=-—

fed | =

CCHY Praliminary Exam (2015) Additional Mathemalics (Sec 4E) po 11of?
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The equation is y = 2x —% — [M1]

Gradient of BE=3=02) _3
s-4 2

Let the equation of BE be y=%r-rc
3
A4, -2y, -2 =—2-I:4]+r:,c'=—3

The equation is y = %.r— B - [MI]

ﬂr
y=2-11)-==-24-

5 1
C(=11,-24=) = Al
5 )= [A1]

OR
P
Giradient of 8F = 4—-(-2) -_E
8- 2
. . 3
Let the equation of BE be v = ~xtc

3
Al |[-1 -:"_'II —-2= -2 [4} b, 0=—8

CCHY Preliminary Exam (2015) Additional Mathemalics (Sec 4E) pgi12ot 7
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The equation is y = %I—E —— [M1]

Let the coordinates of C be (x, ).

Since CD = CE,

JE+2P +(y-1)7 = J(x -4 +(y+2)* M1]
X +dx 444y —2p+1=x" —Bx+16+)° +4y+4

12x—6y=15
3
le—ﬁ{gx—ﬂ} =15 -—— [M1]

3x=-33
x=-11

3
y=3S(-1)-8=-24-

C(—n,—:u}-i;. ..... [A1]
_ 1|4 -2 —11 4
{w}AmaquDE=E_E | _24;_1
= %[4+49+22—4—{—i 1)—(-98)]
= 90 units’
2-2 4 82
Area of ABED = 2! ’
217 1 —247
= élz+4+:5+554{-141-4_{_15}_3]

= 48 units’ —=--- [M1]

Areaof CDE : Area of ARED =90 :48 =15 B «euee [Al]

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pg 130f 7
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g. fa) (1) Without using a calculator, prove that cot(45° —
(i)  Hence find the exact value of cot15°.
(b)  Find an expression for f{x) such that

f'ix)= 3sin2{5x—-§}+ cos” x —tan’ %x.

Ans:

; |

(a LHS = ———
) () tan(45° — A)

. ] +tan45° tan 4

tan 45° —tan 4

_ l+tan 4
I—tan 4

e [M1]

sm A

1+ ——
" cos 4
1_§in.r_1

cos A

cos A+ sin A

— ___cosd
cos A—sin A

cos A4

cos A+ sin A

cos.4—sin 4

cos A+ sin 4
= sin A
cos A—-sm A

sin A
CCHY Praliminary Exam (2015)

e [M1]
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(ii) cot15° = cot(45° —30°)

_ cot30°+]
cot30°-1

_ 341
V3-1

_ (334
(3-(J3+1) Pat)

= 4+2-.E
2

=2+43 ———[Al]

(b) fi{x)= 3Sin]{5x—%}+ cos® x—tan” %.1’

_ 3 .3 m Mes CFa o1
-——E[—Zsm [S.r—E}]+E[2ms x]—{sex zx 1)

[ -1sin:[l’ir-g}ﬁ%-bé[icnsr x—1I]+ % -s.ec:ExH —-—[M1]

P | i

! o 1
= —Ems(lﬂx—1j+]—m52x'—m‘ —x+3 ———|Ml]
2 2 2 2
oa . 4 51
fix)= I[3sm {Sx-?l-]+ms x=—tan Exkbr
= j[—%cus{lﬂx—%j+%c052.r—s¢r’ %X-i- Iy

j 1
= -ims{lﬁ_: - E} + —I-sinl'r.' —2tan—x+3x+ ¢ ---ee [Al]
20 37 4 2

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pa15af?
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Bx—

9. (1) Express T }as the sum of 3 partial fractions. [4]
X =X
o 8x-5
(ii)  Hence find j——-—dﬁ.‘ (2]
x(1=x)
Ans:
.~ 8x-35 A B C
(1) — =—t— et — e [M]
x(l-x) x x l-x M)

Bx—5=Ax(l=x)+ B(1-x)+ Cx?
Letx=1,3=C
Letx=0,-5=8 —-— [M1]

Letx=2, 11 =24+ (-5)(-1) + 3(2%), 4 =3

8x-5 3 5 3

x(l-x) x x I-x

H] j——-_;—

0y,
I—x

SCARCRE A A |

3 5 3
= .I-;tit'—!?di*+jmiﬁ

[M1]

= 3nx—(-5x")+[3In(l - x)]+ C - [M1]
5
=3lnx+==3m{l-x)+C
X
= s
= Ylnx—=In(l —x)]+=+C
x
5
= 3in +—=4 C - [Al]
l=x =x
10, The equation of a curve 1s y = xe™'
(1) 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 160l 7
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{11) Find the coordinates of the turning pomt and determine whether the
turning point is a8 Maximum or manimum. 2]
Ans:
(1) % =7 +x(-27")
= e7*(1=x) ~——[M]1]
oA : , dy
For increasing function, — =10
dx
e (l-x)=0

Simece e >0 1=x>0

%€ 1 vesess [A1])
..dy
20
(i1) T
e (1-x)=0
I—x=0
x=1
y=l(e*y=1
¢
Coordinates of turning point 1s (1, I—] weee [AT]
s

Use 1™ denvative test:

x 1- | I+
dy +ve 0 ve
dx

Gradient ff,,f ' =y

The point 1s a maximum point. —— [Al]

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pg 17 of 7
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I1.  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 h cm respectively,

rFom

hem
(1) Express h in terms of r given that the extemnal curved surface area of the
cylindrical part of the solid is 12007 cm’ 2]
{ii) Express the volume, ¥ cm’, of the container in terms of r 2]

(ni)  The solid is heated and 1t expands at a rate of 0.81 cm’/s. Find the rate at = *

which 1ts radius increases when the height 1s 60 cm. [3]
Ans;
(1) 2mh=12007 —-[M]]
rh = 600
600
h=— — [Al]
r
T 3 2.5
(W V=mh-—m' —-- [M1]
3
. 600 2
T ——— =7
r ;|
2 .
= 600m ——mr” - [Al]
b
CCHY Preliminary Exam (2015) Additional Mathematics {Sec 4E) pa 1B ol 7
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("]}E

=

eeme [M1]

/%
/%

2
V:ﬁmm-n?r’

LS W e S [M1]
When b =60, r= 10
L 6007 —22(10)° = 400w
dr
0.81 :4[l{lzrrx£

dt
dr  0.81

220 0.000645 ——- [Al]

dr 400w

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

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

: 4

0.5 15 | 3 4.5 55 6

¥

4.43 5.29 7.44 11.4 5.7 18.7

It 1s known that x and y are related by an equation of the form y=ab” +e, where

a and b are constants.

(1) Explain how a straight line graph may be drawn 1o represent the given
data. [2]

(i)  Draw this graph for the given data and us it to estimate the values of @ and
of b. [4]

(in) By msering another suitable line on your graph, solve the equation
ab" =5e [3]

CCHY Preliminary Exam (2015) Additional Mathematics (Sec 4E) pg 18 of 7
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Ans:
(i) y=ab’ —e
y—e=ab"
In(y—e)=In(ab’) -— [M1]
“In(y—e)=lna+xink
Let Y=In(y—¢) and X =x
Y=hha+XInb

If In(y—e) is plotted against x, a straight line graph can be obtained, —--- [Al]

(i1) From the graph

Ina=035, a=e"" =142 —— [A1] (Answer range: 0.3352+0.02)
735 -
Inbz"'h—?'ﬁ = 0.4(+0.02), b=¢"" =149 —_ [Al]
(i) ab" =S¢ *
Inab® =In5e ?

Ina+xtnb=In5—~
=

In(y—e¢)=In5~ % ceeeee [MI]

Equation of Iine to be mserted: ¥ =In5- ]?.1'

At the point of intersection, x=1.40 £ 0.02 —- [Al]

END OF PAPER
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1. ALGEBRA
Chiadratic Equation
For the equation ax” +bx+¢c=0,
N bxJb? —4ac
2a
Binomial expansion

{a +-’:I'}H =a" 4+ (T)a"]b+ [n)a"‘:bl + ...+[n]a“"b’ TR,

2 r

where n is a positive integer and (

ny_ n =n[n—l}...l:n—-r+l]
r) (n-r)r! r!

. TRIGONOMETRY
fdentities
sin A + cos ‘A = 1
_§ec:.-l =1 + tan” A
cosec' A = | + cot’ A
sinfd + By =sin AcosBxcosAsin B
cof A+ B)=cosAcosBFsin Asin B
tan A = tan B

I Ftan Atan B
sin24 = 2sin .4:{!5_.4
cos2A=cos’ A-sin’ A=2cos° A-1=1-25sin" 4
21an A
I—tan” A

tan{ A = i)y =

tan 24 =

Formulae for AABC i b £

sinAd  smB EnC

a =b +e’-2becos A

A=Labsine
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. (a) Solve the equation log, 4 —log, (x* +4x+4)=log, x. [4]
3
(b) Sketch the graph of v =¢7". In order to solve the equation In( : ] = T;-.r i
x=3
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]

. The roots of the equation 2x” - px—g =0, where p and g are constants, are & and #. '
The roots of the equation 4x° +gx-3x=p-1 are a-1 and f-1.

(i) Find the value of p and of ¢. [5]
(ii) Find a quadratic equation whose roots are e’ and . [3]

]
. (i) Given that the coefficient of x™ in the expansion of [l + p.l'] 15 448, find the
x
value of the positive constant p. [3]
(ii) Using the value of p in part (1), find the term independent of x in the expansion of

(14 px| (5x*-4).
X
; - [4]
. A curve has the equation v = I\ 2x) for x=10.
x
- oy
(i) Find an expression for —. (3]
clx
" " In2x
(ii) Hence find f—‘r.i'l'. (4]
e
. The equation of a circle Cy is given a5 x" + ¥ = 16x + 8y + 64 = 0.
(i) Find the coordinates of the centre and radius of the circle €. 3]
(ii) The line y =k isatangent to the circle st A, where & = 0. Find the value
of k. (2]
(iii)The tangent to the circle at B(4, — 4 ) intersects v =& at point €. Find
equation of this tangent. [1]
- (iv)Explain why a cirele C; can be drawn through the poinis 4, 8 and C with
AR being the diameter. (1]
(v) Find the equation of the circle C;. (3]
(vi) Determine, with working, whether {3; .= 06 lies within the 2 circles. 2]
i3
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The height of a blade on the windmill (measured from the ground) can be modelled by the
equation /i=15-7coskr 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
windmull rotates at a rate of 12 revolutions per minute.

(i) Explain why this model suggests that the highest point of the windmill, 8,35 22 m

above the ground level. i
(ii) Find the value of k. (1]
(iii)For how long over the course of one complete revolution will the point A 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. 12]
(v) Suggest a possible equation of how the height of a blade vanes agamst time 1if the
windmll starts rotating from the highest point at 8. 1

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 15 # m and the slant height

, . .
of the cone makes an angle of — radians 1o its base radius, r m.
b |

(i) Given that the volume of the machine part 1s 50 m'. express frin terms of r. [2]
{ii) Show that the total surface area of the machine part is given by [4]
WL S L
3 r
(iii)Given that r can vary, find the value of r for which the total surface area of the
machine part is stationary. [3]
(iv)By comparing gradients, explain why this value of » gives the least total surface
arca 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

2eos2x—sin2x =1. [1]
(ii) On the same axes sketch, for -7 < x < 7, the graphs 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

—W<XEd. [3]

9. A particle travels in a straight line from a fixed point O with acceleration a m/s’,
given by a==81—k where ¢ is the time in seconds afler passing O, and k15 a
constant. The velocity of the particle is 5 m/s when it passes O, and at /=2, its
velocity is- 21 m/s.

{1) Find the value of &, [3]
(ii) Find the value(s) of + when the particle is instantaneously at rest. (2]
(111)Calculate the average speed of the particle during the first six seconds. [3]
{(iv)Describe completely the motion of the particle in the first six seconds. [2]
10,
A
P T Q

In the diagram, two circles touch each other at Tand PTO 15 their common
tangent. AB is a tangent to the-smaller circle at £. AT and BT cut the smaller circle
al D and C respectively. ET and CD intersect at £. Prove that

(i) ABI/DC. 2]
(i) ZATE = /BTE. (3]
(i) ET° =CT = DT + EF x ET. (3]
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11. (i)Differentiate (x+2)v/4x -3 with respect to x. [2]
(i)

A

™~ Ix+2

B _}"341_3

0 > x

. : 3x+2 2
I'he diagram shows part of the curve y = . A line with gradient -§ intersects

4x-3
the curve at A(1,5) and B.

(2) Venfy that the y-coordinate of 5 15 % 5]

(b) Determine the area of the region bounded by the curve and the line AR, [4]
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1. ALGEBRA
Cuadratic Equation

For the equation ax’ +bx+c=0,

—b=+b* -dac

2a

X =

Binomial expansion

n
(a+b) =a" +[]I:)a"":‘.i+(2}:Jr"’z£:|2 +...+(n]a”"b' +...+h",
r

& : =1)...{n—
where » 1s a positive integer and ( ] 2 _nn=1).qn r+|}.

r ={n—r}!r! r!
2. TRIGONOMETRY
Identities
sin® 4 + cos 4 = |
sec’ 4 = 1 + tan® A
cosec’4 = 1 + cot’ A
sin{Ad+ B)=sin Acos B = cosdsin B
cos{A = B) = cos Acos B Fsin Asin &

tan A = i B

5 tan 41an B
sin24 = 2sin Acos A

cos2d=cos” A-sin"A=2cos’ A-1=1-2sin" 4
2tan A
l—tan® A

tan( A= B) =

tan 2 A =

Formulae for A ABC _a - 2 L

@ =b +¢ -2bccos A

A=Ltabsine
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1. (a) Solve the equation log, 4 -log,(x* +4x+4)=log, x. [4]

¥

log,4-log,(x" +4x+4)=log, x
3

_2log,(x+2) log,x

log, 4 log, 0 o 1 M1
¥3
log,4-log (x+2)=-log. x M
4 1
L » M1
Ix=2
2
s Al

{b) Sketch the graph of v =¢"". In order to solve the cquation |n{ I )= %L
x-3

a graph of a suitable straight line is drawn on the same set of axes as the graph
of v=¢"". Fimd the equation of the straight line. 3]

L
A

\
\} BI

x

Vi)
In| — ==X
x—3 2

l |
Inl -E]mf.r-.'i} = 2 x

In{x=3)=—x M1
X—3=g™"

Draw y=x-3. Al

18
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2. The roots of the equation 2x* — px —g =0, where p and g are constants, are ¢ and B.

The roots of the equation 4x” + gx—3x=p—1 are ¢—1 and f-1.
(i) Find the value of p and of 4. [5]

arf=t———(
G M1

3=y
a-l+fg-1="o>L
” 4

u+ﬁ=3i£+z---u}
(@-1(B-)=L ) Mi

Sub (1) into (4)

1.1,
ap-(a+f)+1= 2 4lszfT+.ﬁ}

I
aﬂ—;hruﬂ+%=ﬂ———ﬁ}

Sub (2) and (3) into (5)

.. 1128 3_
5 [ 2 +2}+:1-_u Mi

st
i 3 Al
2

Suhc;:—i;imu{ﬂj

3_[-2} 1
atf=————— 4 = I
t+fi 4 + 7

i A
23— |=6-
&

I 2
p=62.9=-13 Al

Lad
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(ii) Find a quadratic equation whose roots are @’ and .

(3]
125

B — M1
(0f) =+

5o (31) _of3).300
5P ﬁ(SE] 2[&] 36

1(301 5) 5149
J.+ -3— -_—— e —
aAE 5[35 6] a6 M
. 5149 125
EB L N T
216 216

216x° -5149x+125=0 Al

19
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i
3. (i) Given that the coefficient of x™ in the expansion of [l+ p:!t] 15 448, find the
X

value of the positive constant . (3]

5":*."[ : ]{;:;]hl:p:-r}r
.( f ]_p'w* M1

r=3

T n[ g )F’_t':

=56p's?
S6p' =448 M
pl=8

=i "
pes Al

(i) Lismg the value of p i pan (1), find the term independent of x in the expansion of

L]

[—: +p;1r‘| (5x° -d)
' d [4]
2r=8=0

r=4

.f;-[ 8 lta1120 M
4

(1 +2.t'] (5x’ =4)

o (. +44Bx7 411204+ M55 -4) M1

Term independent of x
= 448(5)+ 1 120{-4) H'
=—2240) Al
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Rum
Stamp


In(2x)’

4. A curve has the equation y = ———— for x=0.

=
(i) Find an expression for g [3]
dy 3x-6xln2x
el e m
dx X'
i 6
=—-—In2x
x] IJ F\ I
. In2x
(ii) Hence find f —dx. (4]
Pt

3 6ln2x In(2x)
f{?‘ 7 }"‘ " I M)

6lnlx 3 In(2x)
f 3 =Jr?a§r— ——y

2

e
J-Inhdx31“-3._‘_‘&“1112?”-_, M
x fi 2x°
1 4
=l Ix _]]’]-:'t oC M
6| -2 2%
e
A Al
4 2x

98
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5. The equation of a circle C) is given as x* + " ~16x+ 8y 4 64 = 0.
(i) Find the coordinates of the centre and radius of the circle €. [3]
(x=8)" —(-8) +(y+4)' —(4) =—64 M1
(x=8Y —(p+4)' =4’
Centre of circle= (8, -4) Al
Radius= 4 units Al

(ii) The line y = k is a tangent to the circle at 4, where k = 0. Find the value

of k. [2]
The 2 tangents to circle are y=0andy=-8. Bl
Since k=0 k=-8, i

(iii)The tangent to the circle at B(4, - 4 ) intersects y = k at point C. Find
equation of this tangent. [1]
X =4 Bl

(iv)Explain why a circle C; can be drawn through the points 4, B and C with
AR being the diameter. [1]
A(B.-8), B(4,-4),C(4,-8)
Since 4C 1 BC, 2 BCA =90°

- A eircle C; can be drawn through the points A, 8 and € with AB being the diameter.
( Angle in a semicircle) R1

{(v) Find the equation of the circle Ca. [3]
Midpoint of AB

=

2 2
: M1

=(6.-6)
Rads

| 2 1
“(8=4)" + (-8~ (-4)

N _ M1
=2'uE units Al

(x=6) +(v+6) =8
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(v¥i) Determine, with working, whether E_’r% ,—6) lies within the 2 circles. [2]

Length of {3 .6,-(:) to centre of C,

= J(8=3.6)" + (~4+6)
=4.83 units

Length of [3.6.—6) to centre of C,

= \J(6-3.6) +(~6-(-6))°
=2.4 units

Since length of (3.6,—&) to centre of C, >4 units, (3.6, -6) is outside C|. Rl

Since length of [3,6.-6} to centre of ', <2 JE 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 modelied by the
equation i =15-7coskr where kis a constant and 1 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 model suggests that the highest point of the windmill, B, is 22 m
above the ground level. [1]
~I=cosir <1

-7 =-Tcoskt<7
15-7=15=-Tcoskr=15+7
8<15-Tcoski <22 Bl

- The highest point of the windmill is 22 m above the pround level.
E p E

(i) Find the value of k. (]
Period = 5 seconds
L
K- Bl

B

(ili)For how long over the course of one complete revolution will the point A be at least
17 m above ground level? [2] .

in ’
15=-Tcos—1=17
5

2n 2
Co§—f=—=
5 7
Basic angle= 1.281044625
.
%: 1 .860548028.4 422637279

{ = 1.480577078.3.519422022 M1

Length of time= 3.519422922-1 450577078

=2.04 seconds Al
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(iv)Explain how the solution in part (jii) 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]
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 10 be at least
17 m above the ground = 2( 3.519422922 -1.480577078)= 4.08 seconds. g

Bl

(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 5. (1]

h-lh‘?ms-z?ﬁ.f Bl

| &
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The diagram shows a solid machine part that is made up of a closed cylinder joined 1o an
inverted right circular cone. The height of the cylinder is 4 m and the slant height

of the cone makes an angle of % radians to 11s base radius, » m.
(i) Given that the volume of the machine part is 502 m’, express k in terms of r. 2]

Let the height of the cone be a metre.

T oo
tan —=—
3 rF
a=3r
S0 =arh+ !:_Trrj[\fgr) M1 -
3
p30 3,
r3 Al

Al
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M1

(ii) Show ﬂmt the total surface area of the machine part is given by
A =_{9 33y 1008

r

Let the slant height of the cone be p metre.

T r

CNS—=—
p

p=2r

A=mr" + 2arh+ar(2r) M1

50 3

= JEr +1m'[——T ]+2;rrz M1

r

{9 24’_} L Al

[4]

(iii)Given that r can vary, find the value of r for which the 1otal surface area of the

machine part is stationary.

dd 2xr
dr

100 M1

when ﬁ =
dr

;
*_;{9 143}= ad
. 300

F o=
2{9—2;3]

r=3.00m (3s.£) Al

M1

[3]

(iv)By comparing gradients, explain why this value of r gives the least total surface

arca possible.

[2]

r 2.99 3.00

3.0

Sketch N ~ ' j—

Vd =

Smee ? changes sign from negative to positive as r increases through the stationary

2
pomt. The total surface area is the least when r=3.00 m. RI

foef
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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 sansfy
2eos2x—sin2x=1. [1]
cos2x—-2sin’ x = sin2x
cos2x+cos2x—1l=sin2x

; Bl
2eos2x—sin2x =1

(i1) On the same axes sketch, for - < x < | the graphs of y =cos2x—2sin" x
and y =s5in2x. [4]
¥y
- T W WA

C1: xy-intercepts
Cl: Maximum and Minimum
Points

Cl: x y-intercepts
C1: Maximuem and Minimum
PPoints
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(ni)Express the equation 2cos2x—sin2x =1 in the form cos{2x+ a) = k. where «
and k are constants to be found. (4]
2cos2x—-sin2x =]
2eos2x—sin2x = Reos{2x +a)

= RcosZ2xcosa - Rsin2xsina

Reosa=2,Rsina=1 M1
tan o =%=>a—ﬂ.46364?609 M1
R=+5 Mi
JScos(2x+0.464) = 1

NG Al

cos{2x+0.464) = 5

{iv)Hence find, in radians, the x-coordinates of the points of intersection for
==X <. I31

Vs

cos(2x+0.463647609) = =

Basic angle= 1.107148718
2x+ 0463647609 =1 107148718 5. 176036589 ~1.107148718,=5. 176036589 )

x=0.322,2.36,-0.785,-2.82 A2
Minus |
for each
EiTor

el
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9. A particle travels in a straight line from a fixed point O with acceleration a mJs’,
given by a =8t — & where ¢ is the time in seconds after passing O, and kis a
constant. The velocity of the particle i1s 5 m/s when it passes O, and at 1=2, its
velocity is— 21 m/s.

{1} Find the value of k. 131
a=8 -k

v=[(81—k)dr

=4 =+ . M1

When r=0,v=5,c=5. M1

When r=2,v=-2],
~21=4(2)F -2k +5

k=21 Al
(ii) Find the value(s) of 1 when the particle is instantaneously at rest. [2]
When v=10,
4 -211+5=0
(41-1)(1-5)=0 M1
fr=0250r1=5 Al
(111)Calculate the average speed of the particle duning the first six seconds. [3]
s= [(4F =211+ 5)di
44 21,

-5+
3 2 '
When r=0,5=0.C =0,
4 s 1
.¢=ir'—lrr + 51 M1
3 2

When t=0.5=0m.
When 1=0.25,5=0.164583333 m ,

When (=55 = -?O% m.

When t =6,5=—00 m,
Average speed during the first 6 seconds

0.614583333+ (0614583333 4+ 70 g'y +{?ug _60) M
6

=13.8 m/s Al

(iv)Describe completely the motion of the particle in the first six seconds. (2]

The particle stans at a fixed point (. At 1 =025, the particle stops and reverses its direction of
motion. At 1= 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.

Q

In the diagram, two circles touch each other at T and PTQ is their common
tangent. A8 is a tangent to the smaller circle at £. AT and BT cut the smaller circle

at D and C respectively. ET and CD intersect at F. Prove that
(i) ABI1DC,
£ BTO = £ TAR (Alternate Segment Theorem)

LBTO = £ TDC{Alternate Segment Theorem)
S TAB =2 TDC ABHDC ( Corr. LsYy * R1

(ii) LATE = L BTE,

LATE = £ ECF(£s in same segment) R1
=£BEC (alt. Zs, AB/DC) R
=/ BTE (altemate segment theorem) R1

(i) ET° =CT % DT + EF x ET.

LTDF = LTEC (£s 1n same segment)
LDTF = LETC(pan (i)
ADFT and AECT are similar. { 2 pairs of corr. Zs are equal)

FT DT
CT ET R1
ETr=FI=CT=DT

ET(ET - EF)=CT x DT R1
ET"=CT=DT +EF=<ET
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11. (i)Differentiate (x+2)/4x-3 with respect to x. [2]

d 2(x+2)
S (x+2Wdx-3 = +ydx-3 M1
dlx Jax-3

_ 2Ax+2)+4x-3

;4::—3

6x41
2 Al

njdx-B

(ii)
Yy
A
e yu 3532
B ;]4.1'»3
0 > x
Tha i Jx+2 _ ; ; 1
e diagram shows pan of the curve ¥ = . A line with gradient —-= intersects
;41‘—3 3
the curve at A(1.5) and &,
(a) Venfy that the y-coordinate of £ 15 -I—El [5]
Equation of AR:
P 2
p=S==—{x-1
] ]h )
2 17
P=——X+—
i k] 3
3x+2 -2x+17 M
'u'rflx-} 3

Ox+be=(-2x+1TWdx=-3

81x* +108x+36=16x"—12x" = 272x" +204x+1156x = 867

16x" =3635%" +1252x =903 =10
M
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Let f(x)=16x" =365x" +1252x-903
f()=0
{x~1) is a factor of f(x).
16x” =365x" +1252x =903 = (x=1)16x" + Bx+903) M]
Comparing coefficient of x* :
-365=8-16
£=-349
(x=1)(16x" = 349x +903) = 0
(x=1)16x-301)x-3)=0 M1
x =13 or 18.8125(rejected)
3(3)+2

11
whenx=3,v= = — (shown)
:}4[3)—3 3 Al

(b) Determine the area of the region bounded by the curve and the line A4B. 4]

Area of regiun bounded by curve and line A8
3 Jx+4.-
-—:-r.l:5+—} 2-
=i —=a—
J- ﬁ'l'-l-i"' 3

dx M1
Jax—3 Jax—3

=EE——~[{r+"N4r—1 ——f 3:4r—31

3

, e
wﬁ%—-%[i.nl‘}ﬂfd.r—}];‘_% 3(4x-3) M

3

‘R_:._é [(x+2ax—3) -2 de 3]
_sé—%[sf Nr}——w’_ Jn M

= llunitﬁ" Al
&

iilllll
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Name: ( ) Class:

Mathemarical Formulae
1. ALGEBRA

Cuadratic Equation
For the equation ax® + bx+¢=0,

” ='-*_rf'-'_i‘\l'b! —4dac

2a

Binomial expansion

(a+b) =a" +[T}1“"b+[:}r""b’ +...+[”Ja""b' +..+b",
r

! - =y
where n is a positive integer and m__a  _alr=1).(n—-r+
r) ri(n—r) r

L. TRIGONOMETRY
Identities
sin’ A+cos’® A=
sec’ A=1+1tan’ 4
cosec’ A=1+cot’ 4
sim(A* B)=sin Acos B+ cos Asin B
cos{ A+ B)=cos Acos B +sin Asin B
tan(A4 B)=—nAZtan 2
I+tan Atan B
sin24 =2sin Acos A
cos24 =cos’ A—sin’ A=2cos’ A-1=1-2sin’ 4
2lan A4

lan 24 = -
| —tan~ A4

Formulae for ARC
7] b c

SIR f B smf{ s

a’ =b" +c¢' —2bccos A

|
A=—absinC
2
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Name: ( ) Class:

1 Giventhaty= {l ~ tan’ x)cosl x , show that % =-2sin2x. [3]

B—3x

E PO .~
b e (1-x) (2x+3)

as a sum of 3 partial fractions. 5]

3  The pressure, P, and volume, ¥, of a gas in a container are related by the formula
2500 ; ;
P= —ﬁ . If the pressure increases at a rate of 2.8 units/second, find the rate of
Ve 2
change of volume when the pressure of the gas is 50 units, [5]
3t 2Y
4  Find the term independent of x in the expansion of (5 —4x) [T + 3—] A [5]
Fa X
. ; 5
5  The equation of a curve is ¥ = In(5—2x), where x < 5
(i)  Find the coordinates of the point on the curve at which the normal to the curve [4]
1s parallel to 2y = x + 3.
{(ii) Show that as v increases, y is a decreasing function. (2]
6 Ifsin{4+ B)=3sin (4 — 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) 4sm ; cnsf =3 [3]

(ii) sin*x—cos'x—3cosx=2. (5]

tof
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Name: ( ) Class:

8 (a) Given that the curve, y = 4x° + px + p — 6, find the possible range or value(s)

of p for which

(i) the curve intersects the line y =— 3, [3]
(ii) the line y=-31isatangent to the curve, [1]
(iii) the curve has a positive y-intercept. [1]

(b)  Show that (m + 1)x* + (4m + 3)x+ 2m — 1 = 0 has real and distinct roots for all

real values of m. )
9 (i) Sketch the graph of y = [2x' — 3x— 14| for 0<x <5, [3]
(i) Using 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 y which are
related by an equation of the form v=a """ . One value of ¥ has been recorded
incorrectly.
X 0.1 02 0.3 0.4 0.5 ]
vy | 59 6.9 72 9.4 1.0 ‘
(1) Plotlg y against x and draw a straight line graph. [2]
(ii)  Use your graph to estimate the value of @ and of b. [4]
(iii) Determine which value of v is inaccurate and estimate the correct value of v [2]
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Name: ( ) Class:

3k 5 Cardboard lid

11

Cardboard box

2y 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 ¢m and 3 cm. The total area of cardboard vsed
in making the box and the hd 15 2400 em’.

(i)  Obtain an expression for y in terms of x, and hence show that the volume,

4y ,
¥ em’ of the box is given by ¥ = 800x - ; =6x".

[4]

(ii) Given that x can vary, find the value of x for which volume of the box 1s
stationary. Calculate this stationary value of V. [4]
(iii) Explain why this value of x gives the largest volume of the box. [1]

:ﬁ:'
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Name: ( ) Class:

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

W

v

TR

In the rectangle ABCD, the coordinates are A(3, 0), B(-2t—1,¢t-2) and C(-5,1).

v \
B

(i)  Show that the value of r=-1. [3]
Find

{ii}y  the coordinate of D, 2]
(iii) the equation of perpendicular bisector of 4D, (2]
{iv) thearea of ABCD. h (2]

~ End of Paper ~
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Class:

Answer Key
2 1 N 1 . 2 3 Rate of change of volume = - 0.507 units/sec
I-x (1-x) 2x+3
4 1190 5(1) (2.0)
9
6 73.9°, 253.9°,40.9°, 220.9°
76) E,EE L ==ar, iﬂ' or X =7
3 3 3 3
Ba)i) | p<Oor p=12 8(a)ii) |p=120rp=4
8(a)ii) [ p> 6
(i) 9(ii)(a) _: 1
y (5 21) 14_.%-«:158
T(E,ISl) 9(ii)(b) 0<k<I4 tl*r'.fr=15l
4 8 8
9(ii)c) |k=0or k::-lié
14
3.5 ik -
10(ii) | When x= 0.3, y= 7.2 (erroneous) 10(iii) | a=10""=479(3s.f)
The correct value of y = 10”7 Accept 4.68 to 4.82
=8.04 (3 s.1) _ 03
Accept 7.76 10 8.14 b= =13
=z, | Accept 1.02 10 1.06 -
11(ii) | 6460 cm’ (3 s.f) 12Gi) | D(-3,4)
12(1i1) 13(iv) | 26 umits”
y—2=—x
2
ory= —x+2

FMS(S) Sec 4 Exp f-E;ec 5 NiA) Préhmmaw -EXEHHE'_IDI'I ET{HE
Additional Mathematics Paper 1

104

Need a home tutor? Visit smiletutor.sg

i



Secondary 4 Express Additional Mathematics
Preliminary Examination 2015
Marking Scheme

No Working Description
1 y= (] ~tan’ x}cosl x
y=cos’ x—tan® xcos’ x il el
y=cos’ x—sin’ x
¥ = €os 2% M1 [Sub.‘.‘rlﬂlllﬁ
identity]
4 =-2sin2x
dx
AGI
= LHS
2 ¥—3x A B &

=+ +
(1-x)7(2x+3) l-x (I-x)° 2x+3

8—3x=A(1 —x)(2x +3) + B(2x + 3) + C(1 = x)°
Whenx =1, 8- 3 =B(5)

B=1

When x =-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)
B=3A+3+2

3=3A
A=1
8—3x | | 2

(1-x)(2x+3) -z

+ —+
(1-x)  2x43

B1 [correct partial
fraction formula]

M1 [Substitution /
comparing
coefficient method)

Al for valueof A/
B/C

Al for all values
correct

Bi

['Elci
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No Working Description
3

Pt

NG

E..
P=2500V ?
5
P 3 as00xp MI [apply
dv 2 differentiation rule)
5 3750 Al [differentiation

==3750V * or — N correctly]

When P=50, ¥* = 200 _ 5
50 B1 (find
V=5 {}; corresponding value
o v
dp_dp_av .
de dV di
@iy )
de dr \ dP
” 5
Sﬂi M1 [apply chain rule
correctly]
= 28 o —W == ﬂﬁﬂﬁﬁf} = -DSDT uniiSJFSEE

Rate of change of volume = - 0.507 units/sec

Al

? -
(5—43;{3L+;J
2 3

- ] o N
4m g 2
General term for 3 it == el
2 3x rll 2

i G=2r
L)
\ F

For term independent of x, 18- 3r=02r==06

(8
For term with coefficient of x, 18— 3r=-1 2 r= ET'} - there 15 no

term with -I- :
"

o

{5_41{ w2 .[5_4_:;[...+[§I_:_;]""f ]

1' 1190
-5

Term mdependent of x = 5 k[
¥

M1 |find general
term] or [expansion
till 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 15 not
a whole number no
marks. |

M1 [expansion]
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Description

5(i)

Gradient of normal = %

Gradient of tangent = -2
-2

5-2x

5-2x=1

-2x=-4

x=12

Whenx=2,y=In(54)=0

The coordinates is (2, 0).

B1 [differentiation]

B1 [gradient of
tangent]

M1 [solve for x]

Al

5(ii)

5
Far:{?[i—h]l‘*ﬂaﬂd -2<0

Therefore < (), which implies that dy/dx is <0

- 2x
Since dy/dx < 0, then vy is decreasing.

BI

Bl

sin (4 + B)=3 sin (4 - B), show thattan A =21tan B
sin(A+ B)=3sin(A4 - B)

sin AcosB+cosAsin B =3sin AcosB-3cosdsm B
4cos Asin B = 2sin Acos B

2eosAsin B =smm Adcos B

2cosAsn B B sin . dcos i

M1 [simplification]
M1 [to get tan

uos_.:I'tTus B L;H_ A L:uf: B function]
2tan B = tan 4 B AG]
sin’ (x+60%) =9sin” (x - 60°) for 0° < x < 360°
sin(x + 60°) = +3sin(x — 60°) L
Case 1: sin(x+607) = 3sm(x - 60%)
Let A=xand B=060
Therefore, tanx = 2tan 607
tanx = 2./3
Basic angle = 73.898
x=73.898, 180 + 73.89%
=73.9°, 253.9° Al
Case 2: sin{x + 60%) = =3 sin(x — 60°)
LetA=60and B=x
Thercfore, 2tan x = tan 60° Ml
lan x = E.E ”.E. .
2 ) Need a home tutor? Visit smiletutor.sg |

3




No Working Description
Basic angle =40.893
x =40.893, 180 + 40.893
=40.9°, 220.9° Al
70 .
W 4sin£cos£:£
2 2
x x_ 3
2s8in —cos— = —
2 2 2
dip =¥ M1 [Apply double
2 angle identity]
J3) =
T z
= a—‘Jr——.
3 3
y=X =8 1, Al
373 Al,
(1) sin® x—cos' x—3cosx=2
(sin® x — cos” x)(sin® x + cos® x) — 3 cos x = 2 B1 [ Factorization]
1-2cos* x—3 cosx=2 M1 [Use identity
2cos’ X +3cosx+1=0 and simplify to a
B quadratic function in
terms of cos x|
(2cosx+ 1) (cosx +1)=0
cosx=-05 or cosx=-] M1 [Factorization)
_2_ 4 )
| K“EJT.EJT or X = Al Al
8(a)i) [y=ax+pxtp-6 B
y=-3
45" + py tp-6=-3
4x" +px +p—-3=0
For line intersect the curve, b* — 4ac > 0
p; -4H4)(p-3) =0 M1 [correct
p—16p+48 20 discriminant value]
p=12)p-4)20 M1 [factonzation]
! psdor pz12 Al
8(a)(i) | For tangent line, b” — dac =0
P —4(@)p-3)=0
p—16p+48=0
(p—12)(p- 4)=0
p=12orp=4 ) Bl
S(a)ii) | y=4x +px+p-6
For y-intercept is positive, p—6 > 0
p>6 | Bl

Need a home tutor
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No Working Description
&(b) Show that (m + 1)x" + (4m + 3)x+ 2m — | = 0 has real and distinct
roots for all real values of m.
b’-4ac = (4m + 3)" — 4(m+1)(2m - 1) M1 [Work out
=16m’+24m + 9 - 4(2m’ + m - 1) discriminant
=16m’ +24m+ 9 - 8m’ —4m + 4 expression|
=8m’ +20m+ 13
= E[m’ +Em]+13
2
2
=3[m + E] * L
4 2
5\ M1 [Complete the
Since [m + E) > (), therefore, b* — dac 2 0.5 square]
Therefore, the roots are real and distinct. Al [Explanation)
9(i) |y=[2x—3x—14|for 0<x<5.
y=2¢-3x—14
y-intercept coordinate is (0, - 14)
x-intercept, y =0, (2x- T}x+2)=0
x=350rx=-2
: & . 35+(-2) 3
x-coordinate of mimmum point = ——— = 2
- R k. -
Mimmum pomt 15 (—,—IJ —]
4 8 )
k=5 =21 Shape of graph [S1]
y 2]) (correct position of
) maximum point of
( the graph with one
x-ntercepl
14 P1 [Points of the
graph, shows
maximum point, and
> end points]
X P1 [Show x-intercept
and y-intercept]
T = =4
9N | 4y p < 15-'E
| O(ii ' Bl, BI
2ABE) O<k<14 orﬁ:]:?%
| O(ii)(c) B1

k=0or k> I5-I—
8
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No Working Description
10(1)
X 0.1 0.2 0.3 0.4 (.5 0.6 P1 [Plot points]
lgy | 0771 | 0839 | 0857 | 0973 | 1.04 | 1.11 || SI [Straight line
= - graph
10(i)) |y=a™™
lgy=(b+x)lga=blga+xlga BI [convert to
lg a = gradient = st L 0.68 if;‘;“ght N
0.6-01
a=10"% =479 (3 sf) Al
Accept 4.68 to 4.82
b lg a = 0.7 which is the lg y-intercept
b=l =103 BI
0.68
Accept 1.02 10 1.06
10(i11) | Whenx= 0.3, y = 7.2 (erroneous) Bl
The correct value of y = 10°™* = 8.04 (3 s.f) BI
Accept 7.76 to 8.14
11 (1) | Total smface arca of L‘Hrdbﬂﬂld A = 2400

A=2x 4+ 2[27{};} +2(xy) + 2%% + 2(3x) + 2(6x)
A =6xy +4x> + 18x

2400 = 6xy + 4x” + 18x
_ 2400—4x" —18x

fx
400 2% 1200-24 -9
x 3 ) ix

Volume of box, V= lxz'r
V= 12y (‘lm-j—t—}-J

-

X . ]

4
=800 - % ~6x"

11(i1)

av 2
— =800-4x" -12x
dx

. ¥
At stationary value of V, dT =0
oy

B00—-4x" —12x=0
4x° +12x-800=10
4 3x-200=0
3+ 9 4()(200)
v

x=12721 eorx=-
x=127(3s.f)

= 4
Stationary value of V = 800{12.721) - 1 (1

15.72]

2.721) - 6(12.721)°

= 6461 108846
= 6460 (3 s.1.)

Need a home tu

Bl [Form correct
expression of for
surface area]

B1 [Form equation
for surface area)

Bl [make y the
subject of formula]

AGI

I BI [In fferentiate the

expression |

Bl [equate dy/dx =
0]

Bl [solve for x]

Bl
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No Working Description
11{ii1 z
) | d ;: =-8x—12
d’v
When x = 12.721, e =-8(12.721)-12=-113.768
: . Bl lanati ith
Since —- <0, therefore the volume is maximum. o [di?v:?ii;?n .
12(1) gradient of AB = gradient of BC =-1
f—=2=1 , 1=2=0 _
=148 e DA 2
fi—} =2
o —r
~2t+4 -2t-4
-3 -2 M1 [simplification]
x =-—
-201—-2) —2(t+2)
t=3==4(t+2)
t=3=-4r-8
f=—5
. AGI
{ =-1
12(i1) | Mid-pomt of AC = mid-point of BD
3+(=5) 0+1 I+x =3+
P 3 :
2 2 2 -2
ﬂ ¥ = ..31 ‘!_r — .f.t
D(-3.4) Al
12(iii) , . —3-0 3
Gradient of AB = =3 - 2 M1 [either midpomnt
17 or gradient of AB|
Midpoint of AD = [3“ 3},“%4} - (0,2)
Equation of perpendicular bisector of AD: y—2= %x Al
A .
ory=—x+2
4 2 o o
lz{iv} 1 3 1 -5 =3 3 MI
Area of rectangle ABCD = —| |
20-31 4 0
=0.5[(-9+ 1-20) (15-3+12) Al
=20 units”
Alternative method: use distance formula
Area of rectangle = length x breadth —
2
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Name: { ] Class:

Mathemartical Farmulae
1. ALGEBRA
Ouadraiic Eguation
For the equation ax’ +br+c =0,

P

2o
Rinomial expansion
{a+br =g" +[:}Im—!b+ [;}*'lbl + “I_!_[H]n'r'rbr i b..‘
r
where # is a positive integer and [" . nn-lin—r+l)
rl rin-r}t H
2. TRIGONOMETRY

fdentities
sin’ 4+cos’ A=1
sec’ A=1+tan’ A
cosec” A =1+cot® 4
sinfA+ 8) = sin Acos B * cos Asin B
cos(d* B)=cos Aeos B F sin Asmm B

I. I
lanf d * &) = i £13¥]{ 'E
| F 1an A tan 8

sin2A4d =2sinAcos A

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

i A
1-tan’ 4

Formulae for AARC
a b o

_— r=

sind sind sinC
gt = b’ e —Ibecos A

1 :
A= 2 absin C
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Name: ( ) Class:

1 The roots of the quadratic equation 3x° —jx+4 =0, where k> 0, are @ and /, and
that of the equation 12x" —x+12=0 are %and £ . Find the value of k. [7]
a
2 A weather satellite orbits planet P such that the equation of its path can be represented
by the equation

X+ =18x—~14y+65=0
where x and y are the longitudinal and the latitudinal distances from the centre of 2
respectively in kilometres, as shown on an astronomical map.
(i) 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, 2) and (22, 3).

(ii)  Find the equation of the path of this satelhte. [4]
3 Without using a calculator,
) § . ] z{rb ¥ }3 )
(i) find the value of r and of n, given that —; =nx, [5]
r 27x
" . o 3RS =
(i)  simplify ——— inthe form a + b2 [3]
242 -1
4 (i) Solve the equation log,(x+2)=3-log,(x—4). [4]
(ii)  Given that log y+log, x- I 2 0, express y in terms of x. [4]
' og, V
5 (i) Solve the equation 4cos2x+2sinx=-2for0=x<2x. 6]

(ii)  On the same axes, sketch the graphs of
y=3cos2xand y = |sin x|
for the interval 0< x <27 labelling each graph clearly.
State the number of solutions in the interval 0 < x < 2x of the equation

3cos2x =|sin x. [4]

Pk
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Name: ( ) Class:

6 In the triangle POR, M is the mid-point of OR and PX bisects angle OFPR.
The circle passing through P, X and M, cuts PO and PR at A and B respectively.

P
A
Q X M R
(i) Explain why £ZPBM + £ZPXM =180°. 1]
(ii} Show that ARBM is similar to ARXP . (3]
(iii)  Given that AQXA4 s also similar to AQFPM and S =F—Q_, show that
RX OX
RB=04. [4]
7 A metal ball 15 heated to a temperature of 225°C before being dropped into a liguid.

As the ball cools, its temperature, 7°C . 1 minutes afier it enters the liquid 1s given by

T'=P+190e™", where P and k are constants.

(1 Explain why P = 35. (1]

When 1 = 4, the temperature of the ball reaches 120°C.

(ii)  Find the value of k correct to 3 sigmficant figures. [3]

(iii)  Find the rate at which the temperature of the ball 1s decreasing at the instant
when 1= 10. (3]

(iv)  From the equation of T given above, explain why the temperature of the ball

can never fall below 35°C. [2]

Need a home tutor? Visit smiletutor.sg
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Name: ( ) Class:

8 The diagram shows part of the curve x= y* =3y and the line x + y = 3. If the line

and the curve intersect at P and O, find
(i) the coordinates of F 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 @ and of b. [5]
(ii)  Factorise f(x) completely and hence solve the equation
48x" +4ax’ = 6—2bx. [6]
VED:
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MName: { ) Class:

10 An object at 4, wath an imtial displacement of 3m from a fixed point &, travels in a

straight line so that its velocity, vms ™', is given by v =1 = 5t + 6 where ¢ is the time

in seconds after leaving 4.
(i Find the values of r when the object comes 1o an mstantaneous rest. [2]
(i)  Find the acceleration of the object af ¢ = 55 2]
(iii)  Obtain an expression, in terms of 1, for the displacement of the object

from () after t seconds. : 3]
(iv)]  Find the average speed of the object in the first 5 seconds. [4]

11 The figure shows two eircles ) and C; which tonuch each ether and lie in the xp-plane
as shown below. C) has radius 4 units and touches the x-axis at [, C5 has radins
3 umits and touches the y-axis at £E. The linc A8, joming the centres of C; and ),
meets the x-axis at F and Z8F0 =067,

o

(i) Obtam expressions for OO and OF m terms of & and show that
ED'= 74+ 565inf + 42 cosd. [4]
(ii} Express EIY inthe form 74 + Reos(f — a) where R = 0and 0° < & < O0% 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°< 2 <B1.R" correct to one

decimal place. [3]

- End of Paper -
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FMSS A. Math Preliminary Examination 20115 Paper 2 Answer Key

Hence the temperature of the ball can

| never fall below 35" C_

L k=35 E{I} P{n'l 3‘}! 9{4! "I }
2(1) | Centre (9, 7), radius = J65 or 8.06km (i) ]{J; ar1 0.7 or 3525,:' s
@ | (x-16) +(y—6)' =45 or o) | a=5,b=-17
4y =32x-12y+247=0
i) | r=3,n=18 (i) | flx)=(x+2)3x-1)(2x-3)
Hence, (2x+ 2{HIx)—IN2A2x) - 3)=0
x=—i+‘—l~§
6 4
{n) 142 10 t=2o0r3
(i)
i) | x=-5N.A)or x=7 {ii) | a=5m/s
) | y=x" or y=x" (i) 52%_'5_;_’_&4_3
0 1= (or1.57),3.99,5.44 V) | 1.9mis
{ii) . « Bie (0 =leheed 1T | OD=347cosé
- - - S i
'. { (1) OFE=4+7sinf
o N dl f ED® = 0D + OF’ (By Pythagoras' Theorem)
04 L S oS S5 S
¥ lar - y “xn oy
i
[6()) | ZPBMand Z PXM are angles in opposite | (1) | ED* =74 + T0cos(@ - 53.1°).
segments of the cychie quadrilateral PXMB.
Therefore the sum of these two angles is
supplementary.
(i) | ZBRM = £ PRX (common anges of
ARBM and ARXP)
L XPR= 2 BMR (ext. £ of cyclicquad.)
or £ REM= 2 PXM{cxe £ of evelic
guad.}
ARBM is simalar 1o ARYF (by AA
similarity test) ik
g
() | Since ARBAM issimilar o ARXP, 28 = *M F o D
Ry PRQE oM When both circles touch the x-axis.
e s ﬂQFM'.’rQ B 04| siné =% =& =82 (1oldec.pl.)
. PR _PQ KM _OM v A
Given tha Ry OX T RE T 04
Smce A = MR as M 15 the mid - point of OR, I3
" RE = 4 (Shown)
i) | Ate=0, T=225°C. o
L 225=P4100p 0™
P=225=190 =15
(i) | k=0201 5 > x
(iii) | 5.117C/ min.
(W) | Ase*™>0forr20, When both circles touch the y-axis,
Igmf-lf?‘l"lﬂ }n ] : .
554 15055 5 35 cosll = - = #=581.8°(10] dec.pl.)
T >335 2B.2° < @ = B1.8° (Shown)

o !
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3x" —kx+4=0 have rootsaand 8 .

k
e T3 Bl
a+ f 3
4
#=3 Bl
12x° —x+lE=Uhavem{}t5£and£.
#4
a f_a+p 1 Bl
B a aff 12
2_
(a+ ) Zaﬁ:l_ Mi
af 12
2
k 4
= ==
[3) (BL_L w
4 12
3 M1 (simplify egn)
kP -24=1
k*=25
k =5 {Sil‘tll:f:k?*ﬂ) Al
—
20 | APy —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) +(9-3)’ M1
=180
Radius of orbit = Jlﬂ Al
. ) . 22 943
Mld—p-:}mmt'arbnz[m+ TJ
=(16,6) Bl
- Equation of path of this satellite1s
! . (g0
(x=16)" +(y—-6) =[Jzﬂ]
F(x - 16)" +(y—6)" =45 or Bl

| ¥+ =32x—12y+247=0

1

it
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3()

a(i)

r 27x
2 a2 a2 M1 (Simplify powers of r
9 and x)
r-1=2 M1 (Equate powers of x)
r=3 Al
% P _ M1 (Equate scalar)
Sub.r=3,
2 ¢ oai0-23)
n=—|3
26)
=18 Al
() | 3442
242 -1
_3+2 2241
= Zv'ri—l 242 +1 M1 (rationalise -
denominator)

_6V243+4442
81
247

7
=I+a|'r.'.T

M1 (simplify)

Al

-I.ug,{.r+2) =3-log,(x—4)
log,(x+2}(x—4)=3
x?-2x-8=3%
x'=2x-35=0
(x+5)0x=T)=0
x=-5MN.A)or x=7

M1 (Apply product law)

M1 (Change from log 1o
index form)

M1 (factorise)
Al
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(11)

log, v +log, x- =0
log, y
log, y+ L LR =0
log,y log,y
5
log, v+ =0

log, y ) log, ¥
[logl}r}’ +1-5=0

(log, »)' =4
log, y=12

y:x’ or y=x'1

OR

log, y+log, x - > =1

log, ¥
lo log x
2r” 4 log, x -5 —t> = 0
log, x log v
+log, x—5log x=0
log, x '
4(log, x)* =1
I
log x=4%
g, 5
= 5
x=y' or y?
Pt GEg =

M1 ( Change of base)

M1 (Quadratic form)

Al, Al (y in terms of x)

OR

M1 ( Change of base)

M1 (Quadratic form)

Al, Al (v in terms of x)

5(1)

4cos2x+2sinx=-2for0<sx<2x
A(1-2sin’ x)+ 2sinx+2=0
dsin’x-sinx—-3=0
(4sinx+3)(sinx—1)=0

SiNxy=—— 0T
4

Basic ./ = sin '[g] =0.84806

x=m+ 084806, 2x - 0848006
=3.99 544

sy =

X

it

= - [01'],5?] Al

M1 (Apply trigo. identity)

M1 (factonise/general
formula)
M1 ft (equations)

Al, Al

i
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(1)

, Ny = ()
e &
34 : : ;
> wgim:n;agy.'ﬂx'&' d:-r_:ﬂ—:,f_
5 .'. '.I f
- W Y -
4 solutions Bl
6(3) £ PBM and Z PXM are angles in opposite segments of | BI
the cyclic quadnilateral PXMB.
Therefore the sum of these two angles is supplementary.
(i) Z BRM = Z PRX (common angles of ARBM and Bl

ARXP)

L XPR= £ BMR (ext. £ of cyclic quad.) Bl

or £ZRBM= 7 PXM (ext. £ of eyelic quad.)

-~ ARBM is similar to ARXP (by AA similarity test) | g

(1)) | Since ARBM is similar to ARXP,

PR RM B1

RX RB

Since AQXA 1s also similar to AOPM ,

£ oM

XO Q4 Bl

Given 1hat —= —Q

RX ox’

. RM _ OM BI

RB 04
Since OM = MR as M is the mid - point of OR, 2
. RB = 04 (Shown)

7() =f, T=735°C.. B -
. 225= P+190e™ 1
P=225-190
=335
| - — _— Need'a-home tutor? Visit smiletuto

r.sg



Gi) | Whenrt =4, T = 120,

120 =35+190¢ " M]
Ak =1n[18T5{J] M1 (change to In)
k=020109

=0.201 Al

(i) | 7=354190e""%
dT

— =—0.20109(190¢ """ M1t from (i1) value of £
dt
=—38.2077 %
Whent =10,
L -38.2077¢ 0210 MI(ft if value of r and &
dt : clearly shown )
=-5.1148
Temperature of the ball 1s decreasing at a rate of 5.1 19°C | Al (positive value)
/ mun.
(v) | Ase ™" =0fore=0, _ Bl
190" =0
35+ 190" > 35,
&l=>35; Bl (must also include
Hence the temperature of the ball can never fall below concluding statement)
35°C.

8() | Sub.x=y' -3y mox+y=3,

y =3y+y=3 M1
y' =2y-3=0
(y=Ny+1=0 M1 (factonise/general
: formula)
y=3 or -|
Sub. y=3and -lintox = y* -3y,
¥=3-3(3) and x=(-1)}-3(-1) M
-0 =4
S Pis(0,3)and Qs (4,-1) Al. Al

i’
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(i1)

Area of shaded region
|5t = Ly - -
[0 - @+ @@ -[ 0"~ dv

-3 3 2 3 ;| e
A | O
a 3 2 -1

+E_[ﬂ_§.ﬁ+ﬂ:[
3 2

330y

3 2

=4—l +8—]E
2 6

= IDE orl0.7or 3—23q.units
3 3

or

| A

5 () - [ 307 =30y

OF

[ 263=nay-[ 107 -3y

or

307 =3 -5 G)3)+ 3 6+ )= 07 - 39) v

or

I 303" =3x)ay| - l (3)(3) + (4)(1) - %ﬂ}m-fr(y’ 3y) dy

M1, M1, M1

M1 (integrate)

Al

9(i)

f(x)=6x"+ax’ +bx—6=(x+2)P(x)

F(=2)=6(-2)" + a(=2)* + b(~2) -6 =0
~48+4a-2b-6=0
2a—b=27 —mmmmmmeenen ()

L) =607 axt + by 6= (x - 1)O(x) 12

S)=b6+a+b-6=-12
Qbb=—12eeeameaeee. (2)
(1)+(2):3a=15
a=5
Sub.a =51nt0(2):
5+b=-12
b=-17

M1 (equate to zero)

M1 (equate to -12)

M1
Al

Al
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(i1)

By comparingcoefficien of x,

f(x)=6x"+5x" —1Tx—6=(x+2)(6x" + kx—3)

Whent=0,5=3,

c=3.
q ¥
i S
LE=————+061+3
i 2

MI1ft from (i) (compare

—3+2k=-17 coeff./ long division/
k=-7 synthetic division)
5 f(x) = (x+2)(6x° - Tk -3) Alft

=(x+2)(3x —1)(2x-3) Al
48x" + dax’ +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,
bu' +au’ +bu—-6=0
Hence, (1 + 2)(3u + 1){(2u—3) =0]
u =2x=—2,-l, 2

32
,'.,\c:'—l,—l,i Al
6 4
06) | v=r' =146 .
When at instantaneous rest, v = (.
12514 6=0 M1 (equate to zero)
(t=3)(t—2)=0
t=3 or 2 Al
(ii) dv N
a= E = 2; _S MI
When r =5,
a=2(5)-5=5ms Al
G| 5= [ s+ 6)d
A oad
= AN +6t+¢ Ml
3 2

M1 (values of t and s
indicated)

Al

16D
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(iv) Whent=2 7
2.1-
. 5{2} +6Q)+3=72
3 3 L MIft from (i11)
When t =3,
_2_5[3)1
3 o
Whent=5
57 _(5} 1
= +6(5)+3=12— M1ft from (i)
3 2 6(5) (§]
—J
| 1 1 [ |
| i 1 I 1
0 =0 =3 =2 =5
5=3 FTI =72 ‘F]Eé
Average speed in first 55
i £ L )
__ 3 3 2 6 2 M1t from (i1)
5
_95
5
=1.2m/s Al
11{1) y
E
H
a -
GB="Tcos8=JD
~OD=0J +JD=3+Tcosf Bl
AG=Tsin@=FEH
LOE=0 E=44T7snd
- 2hes i AL Need a-lgrl)me tutor? Visit smitetutor
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.. By Pythagoras' Theorem,
ED’ = OD* + OF*
=(3+TcosB)f +(4+Tsinb)

=25+ 56sinf +42cosf + 49 (1)
= 74+ 56sin & + 42 cos & (Shown)

=0+ 42cosf +49cos’ O+ 16+ 56sinf +49sin’ @
=25+ 56sinf + 42 cosf + 49( sin’ # + cos’ 6)

M1

AGI1

116i)

ED*=74+56sin + 42cosé
=74+ Reos(f — o)

=74+ Rcosfcosa+ Rsinfsina
By comparing coefficients,

P s _36
[1)~r{2}.lnna-42

a=53.130°
=53.1°(to 1 dec.pl.)
(1)’ 4+(2)° :R’ =56"+42°
R =+/4900
R=70
s ED® =74+ 70cos(é—53.1°).

Ml

Bl

Bl
Bl

(i1i)

y
W

sinf = (M1)

~] | =

#=8.27(10 1 dec.pl.)

S 82°<@#<81.8°(Shown) (AGI)

uusH:!- (M1) |
7

|
6 =81.8°(to1dec. pl!

12|
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax” + bx + ¢ =10,

-bEb - 4a;'

2a

Binomial expansion

(@+b)" =a" +["}a*"b+["]a“zb’ +...+["]a"’b' ,ob,
| 2 r

where n is a positive integer and M B _BOrR e re )
r) rlin=r)! r!

2. TRIGONOMETRY

Identities
sin“ A+cos’ A=1
sec’ A=1+1an’ 4
cosec A =1+cot” 4
si{ 4+ B)=sm Acos B+ cos Asin B
cos{ A+ B)=cos Acos BFsmn Asin B

+
(L) DA
| ¥ tan Atan B

sin 24 =2sin Acos A4

cos2A4=cos' A-sin" A=2cos’ A-1=1-2sin" 4

Formulae for A\ABC = =
sind smB  sinC

@’ =b" +¢° —2hecos A

1
A=—absinC
3

e
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Answer all the questions.

1 (i)  Find the set of values of k for which the equation 2x* + 5x+k = 2kx +1
has no real roots. [4]

(ii) Hence state, with a reason, whether the line y = 4x + ] meets the curve

y=2x" +5x+2. [1]
2 (i) Given that sec 200° =— k, where k > 0, find an expression, in terms of £, for
sin 200°. [2]
oy 1
(i1) Hence show that tan 110° = — = [3]
k* -1
3 The equation of a curveis y = ]n(ﬁ — 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 "7 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 whenx = % : (5]
2x—1 ; : ;
5 (1) Express — ——— inpartial fractions. [3]
¥t —5x+3
; 2x-1
{11) Hence find ———dx. 3
JEx‘—Sx+ 3 ]

J ¥
6 A curve 1s such that ‘;;xﬁ =16e"". Given that ﬂ = 3 when x = (} and that the curve

o

passes through the pomnt (l{: . ), find the equation of the curve. [6]

123
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I —sin 28

7 i P that —————— =—(1—1tan
@) rove l+cos2f 2{ ] 4]
" ; 1-siné
(1) Hence solve the equation =2, for 0°<8=<180°, [3]
| +cosf

8 (1)  Write down the first three terms in the expansion, in ascending powers of x, of

(a) [I + 3?"] , 2]
) (2-x). 2]
(ii) Hence find the coefficient of x* in the expansion [2 +2x- 3—;?) . 13}

9 (1) 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]

(1)) On the same diagram in part (ii), sketch the graph of v=x? for x = (. [1]

I

(1v) State the number of solutions of the equation 3 - |2x+ l| =3, 1]
4_ ==
Holy Inpocents " High Schoaol m: A ath id
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+
L

The diagram shows a time capsule consisting of a cylinder of radius r m and length / m,
with hemispheres of radius r m attached at each end. The volume of the time capsule is

T m.
6
(i)  Show that the surface area of the time capsule, 4 m’, is given by
4 g
A=—mr +— . 4
3 ; 3r 19l
[4]

(i)  Given that r can vary, find the minimum value of A.

:::?-
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11 Solutions to this question by accurate drawing will not be accepted.

VoA

¥

0 M(2, 0)%45° *

Q

The diagram shows an isosceles triangle POR in which PR = OR . M(2, 0) is the
midpoint of PO . OR meets the x-axis at 4 and angle AMQ = 45°.

(1) Show that the equation of MR 1s y=x-2, [2]
(11) Find the equation of PO. [2]
(1) Find the coordinates of (. (2]

(iv) Given that the area of triangle POR is 20 units’, find the coordinates of R. [3]

12 A rectangle of area y m" has sides of length x m and (Ax + B) m, where 4 and B are
constants and x and y are vanables. Values of x and y are given in the table below.

X 50 100 150 200 250
v | 3250 | 9000 | 17250 | 28000 | 41250

(1) Plot % agamnst x and draw a straight line graph. [3]

(i1) Use your graph to estimate value of 4 and of 8. (4]

(111)  On the same diagram, draw the straight line representing the equation
y=x and explan the significance of the value of x given by the point of
intersection of the two lines. [3]

End of paper

i
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Answers

L () 1%-:.&{5%

(11) The equations of the line and the curve are obtained when k= 2.
Since k = 2 lies in the range, the line does not meet the curve.

2 (i) sec200°=—k

mszﬂﬂ“=—l
k
Y
200"
aN
-k -1
k R
2_
sinil‘}ﬂ"=—Jk :
k
[Or c032m°=—%

Applying identity: sin” 200° + cos” 200° =1

sin 20 n:’y'i_.igl_f (rej) or _‘1{1&.’%’

(i) tanllD°=——
cos110°
sin{ 200° - 90°)

cos(200° -90%)

sin 200° cos90° — cos 200° sin 90° . .
= : - (applying addition formula)
cos 2007 cos90° + sin 2007 sin 90°

{ak

Haoly Irnocems ' High School Pretiminary Examination 2013
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[OR tan 110° = — tan 70°

1
© tan20°
1
 tan200°
IS
-Jk* -1 k-1
-1

3 coordinates of the point = (2, 0)
4 - 0.63 radians/s

2x—1 4 _I
Ix¥~5x4+3 2x-3 x-1

5 (i)

(1) 2In(2x-3)-In{x-1)+c¢
6 y= e +Tx-14

1 —sin 26
1+ cos2é
1-2sinfcost
1+2cos® 01

1—2sinfcosl
2cos’ @
_ 1 ~ 2sin #cosé

2cos’ @ 2cos’ 0

| .
;sec'é?—ranﬁ'

_;{] 4+ tan! S)— tan £
= -I](I +tan’ H-—Etanﬁ]

1 :
= —{l—-tan#)
(- ano)

(i) #=1431°

Applying double angle formulas

Applying 1dentity

Holy tnnocents” High School
Secondary Fowr Express

Need a home tutor? Visit:smiletutor.sg
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(iy 1+ 13 B0,
2 2

(i) 32-80x+80x" +....
(iii  Coefficient of x* =200

(i) Intersects the y-axis at (0, 2)
Intersects the x-axis at (1,0) and (-2,0).

(11) correct shape and passing through the coordinate axes
Coordinates of vertex

(111} correct shape passing through (1, 1)
AY

(iii)

(ii)

(iv) Number of solutions = | Bl
10 (i) ZEEHr"}zr]J’:E
3 6

4 brg
or En’r"ﬂrr}f:—

T k]
-—7r
I= 55'—3:— - expressing [ in terms of r
Tr
1 4
=2y
6r° 3

A=202xr Y+ 27 ¢l

. I 4 _— .
= dar* + 2:rr[ P rJ substituting a correct expression for /
A

13l

o
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(i)

(1)

(i)

= 4xr +——§J’rr
r 3
4 i
= —ar’ +— shown
3 d 3r (Sheiwen)
3.14 cm’
LZRMA =90° - 45°
= 45°
Gradient of MR = tan45°
=]
Equation of MRis y—0=1({x-2)
y=x-2
y=—x+2 (11) Coordinatesof 0= (4, - 2)

Coordinates of R = (7, 5)

Haolv Innocents " High Schoof

10
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50 100 150 1200 250
3250 | 9000 | 17250 28000 | 41250
65 90 115 140 165

e -

(i) £

160

140

120

100

80 —+ 4 ]

&0 - —+

40

D ¥ ..._.. BRI B B I OO B
0 0 100 150 200 250 300

(1) A4 =05%+02 B=40%1

(i1i) Plot Y against x as a straight line accurately.
X

The x-value of the pont of mtersection represents the value where the
rectangle becomes a square.

|-'IF-'}
11
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(i)

(11)

Marking Scheme
Additional Mathematics
Preliminary Examination 2015
Paper |

2x +5x-2kx+k-1=0

No real roots => b* —dac <0 M1
(5-2kf —a(2Xk-1)<0

25-20k + 4k -8k +8<0

4k* - 28k +33<0 correct quadratic M1
Finding the solution of quadratic: k = lé— or 5% DM1

(2k -3)2k-11)<0

\ ok
N

ll{k cffr—]- Al
2 2

The equations of the line and the curve are obtained when & = 2.
Since k = 2 lies in the range, the line does not meet the curve. Bl

(1) sec200=-k
|
cos 200° = — - M1
k
Y
200 ©
-1/ .

- \frk-i' -1 Ij/

~ k

Ji' -1

sin 200° = —

Al
r#ﬂ

| Need a home tutor? Visit smiletutor.sg



[Or  cos 200° = _% M1

Applying identity: sin’ 200°+ cos’ 200° = |

: e 1
snﬂﬂﬂ“:\/: e (rej) or - l—k—:r Al

Accept any equivalent form]

sinl10°

.cos110°

_ 5in{200° -90°) M1
cos(200° - 90°)

(i) tan110°=

S0, 200" nou iy~ ona 200" Sin 200 o el dition Bmile) L
n
c05200°c0s90° +5in 200°sin90° TP Y e accition formula)

o)

1
1. e Al
O+(—"
k
[OR tan 110° =~ tan 70°
1
g~ M1
tan 20°
1
S M1
tan 200°
1 |
s = e "‘ll
k-1 kP
-1
3 y=1In(5-2x)
dy -2 |
dx  5-2x (M1 for — 2 and M1 for 5_21} M2
Gradient of line = %
iradi : 5-2x
Gradient function of normal = M1
=2 ]
2 2 M1

)
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y=0

coordinates of the point = (2, 0)

y =08 x+8in3x
%-—-{Etws:'x}{—sinx}-ﬂws}x
M1 M1 M1
& & o=
de dx dt
1T . 37
= (-3cos” —sin—+3cos—)x (.56
6 6
= —0.63 radians/s
o A B
s ) 2= A 2
2x* —5x+3 2x-3 x-1
2x-1=Alx-1+B(2x—3)
Substitute x =1,
|==F
B=-1
Substitute x = 5
3=
2
=4
-1 4 1
2x" =5x+3 2x-3 x-1
L 2x-1 4 J
i —gly = - Ix
) sz*'-'—5_r+3“ ![2.1-—3 .r-l]‘r
= M_m[_‘_]}wc

=2In(2x-3)-In(x-1)+c

k_'_f 1. v J

Bl Bl Bl

Al

M3

M1

Al

M1

Al

Al

B3
-1 for each error

EY
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dy _ i
6 =06 Jdx

=—4e™ +c
Substitute ,‘ﬂi =3andx=0
dx

3=—-4¢70 4 ¢
e=7

d_y=_4e4.t +.?
dx

y= [(-4e* +7)dx
= e +Tx+¢,

Substitute x=2 and y = ™
et= e+ 702) +¢

=—14

v= e +T7x-14

| -sin 28

1+ cos2d
_ 1-2sinfcos

- Esin-{?_::rEE
2cos’ @

1 2sm&cosé

g M1

14 2cos” 6 -1 -

" 2c0s’6  2c0s'@

= —sec’ @—tan @

[] +tan’ 6’)-- tan @

| +tan’ H—?tanﬂ]

el Bl T S

(1-tan®)

o

Applying identity

Bl
(for —4e™)

(attempt to finde¢)  M]

Al

for e™ +7x Bl

(attempt to find ¢,) MI

Al

Applying double angle formulas

Ml

Al
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1 —sinf -
1+ cosé

k]
2 2

0°<#<180°

D”£E£9EI“
2

(i)

l-lanE=20r -2

tang= ~ 1 (reject) or 3

E=7]‘55¢'
2

&=143.1"

. 3x H_
(1) (a) [l + ?]

I

——

+
N,
= Lh
‘;ni

Lad
g
S

+
—_
[ Y |
S —
L)
"--—-‘;

Bt- Bl

®) (-~ () +[ﬂ{z}* - x)+[j](z}*(~xr -

= 32 -80x+80x" +....
1_‘,_1

Bl Bl

(i1) [2 +2x - 3“—;:]2 [[t + -3;](2 = _ac}]i
= [1 +3?I)i (2-x)

15 43
x

=} i x? +..)(32-80x+80x% +....)
= ...+ 80x* — 600x° + 720x" +....
= 200x" +...

Coefficient of x7 = 200

L

M1
Al

B2

B2

M1

M1

Al

130
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(i)  Intersects the y-axis at (0, 2) Bl

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 Bl
(1) correct shape and passing through the coordinate axes Bl B2
Coordinates of vertex _ B1
(111) correct shape passing through (1, 1) Bl
Ay

(ii)

(1v) Number of solutions = 1 Bl

Need a home tutor? Visit smiletutor.sg



10 (i) E[EHr’]h:rrzf -l
3 6

4 T
or -::;)‘rr3 +aril=—

T 4

= =—r
)= 6 3~1
Tr
1 4

= ——=—r
6r’ 3

A=22rxr')+2xrl

6r’

M1

expressing [ in terms of r M1

=4ar’ + an[L -:;—r] substituting a correct expression for /| MI

=dnrt 4 = oy
ir
=St l (shown)
3Ir
d4 8
() —=-ar- N,
dr 3 3"
For min value, — =0
r
8 T
—r——7=
3 3r'
Br'-1=0

Al

M1

M1

Al

Al

13/
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11 (i) ZRMA =90°-45°
= 45°
Gradient of MR = tan 45" M1
=]
Equation of MRis y—0=1(x—2)

y=x-2 Al

() Gradient of PO=-1 M1
Equation of PQis y=0=-1(x-2)

y=-x+2 Al

(i) Coordinates of P= (0, 2) M1

Applying mid point formula:
Coordinates of 0 = (4, - 2) Al

(1v) Let the coordinates of R be (k, £ -2)

114 kD 4
Area= — =20 M1
21-2 k-2 2 -2
[4(k — 2)+ 2k + 0] ~[8 + 0 - 2k) = 40 M1
4k = 56
k=7
Coordinates of £ = (7, 5) Al
IOR PO~ (-0 +(-2-2f
= {32
RM= (k-2 +(k-2-0 » M
= J2(k-2)
= (k-2N2 )
Area = %xu"ﬁx{k--ﬂdﬁzzﬂ M1
k=1
Coordinates of R = (7, 5) All

Need a home tutor? Visit smiletutor.sg
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X 50 100 150 200 250
v 3250 9000 17250 28000 41250
> 65 90 115 140 165
X
(1) Draw axes and plot all given points.
(inaccurate plot: PO)
Drawing a straight line through all plots
Deduct 1 mark if a suitable scale is not used.
Y
120
160
140 H
120
100 - H
-
80
60 -
a0
& - = -
s = =
20 FrHfr - b
0
50 100 150 200 250
(ii) y=x(Ax+ B)
Y= Ax+B
X
16563
250-50
=0.5+£0.2
B=40+]

]

Bl
Pl

Cl

M1

M1
Al

Bl

13%
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(iii) y=ax°

Yoy Bl
X
Plot £ against x as a straight line accurately. Bl
X
The x-value of the point of intersection represents the value where the
Bl

rectangle becomes a square.
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Answer all qguestions,

1 A beaker of water 15 heated until it reaches a temperature of X °C. It is then allowed to
cool. It's temperature, & *C, when it was cooling for fime 1 minutes is given by
6 =28+60e ™" Find

1) the value of X, [1]
(i1} the value of & when 1 =6, [1]
(iii} the value of r when &= % X. 12]
{iv) Explain, with working, if the water will cool to a temperature of 20 °C. [2]
2
4
E
A ) "

The figure shows a semi-circle centre O, with diameter AR. Points {2 and £ he on the
semi-circle. AC s a straight line passing through Ir. BC is tangent to the semi-circle

at B. The tangent to the semi-circle al & meets 4D at C. The lines BE and AD intersect
at &,

Given that AE = BD, prove that

(1)  tnangle AR5 congroent to tnangle BAFE, [3]

(i) triangle ARC is similar to triangle BDC, [2]
(i) BC? = ACxDC. 2]

3  Giventhat 1ngﬁ,{a"h]: x, and log,, % = y, express in terms of x and ¥,
!

(i) log,a and log b, 5]

il 1) 3

i :

i) tog,| mb,J 3]
IE{If'-
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4 In the diagram, AB is parallel 1o EC.

D
e
A —

Given that AE - ED = lzw.E and CE= (3+ J’E]f:m, find in the form a-uE+b,

. CE ,
A 3

(1) T [3]

(i) area of ﬁCDE‘ 2]
area of ABDA

(111) the length of A8, [3]

wh

: b
A curve has the equation y = ax’ + — , where a and b are constants.
X

(1)  Given that the curve has a stationary point at {2 A 5}, find the value of a and of b.

[4]

{i1) Deternine the nature of the stationary point. 12]

(i) Explain why the curve is a decreasing function for x < 0, [2]
6  Theroots of the equation x" ~4x-8=0 are a’and §°.

(1) Given that (af - ﬁ)' =—5x—50, find the value of e + 1. [5]

(1)  Find the quadratic equation in x whose roots are F;- and }z : [4]
7 The function f(x)=3x" + 21" + ax+ b, where a and b are constants, has a

factor (:r‘? —4}_

(i) Showthata=-12 and b= -8, 4]

{(i1) Factorise 3x" +2x’ —12x -8 completely. [3]

(i11) Hence solve the equation - 3x' + 23" +12x-8=0 [2]

Need a home tutor? Visit smiletlﬂor.sg
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8 (i)  Find all the angles between 0° and 360° inclusive which satisfies the equation
2sinf—3cos20—-1=0, [4]

(i1) On the same axes, sketch the graphs of y =2sinf -1 and y =3cos2¢ for
0°< 6 <360°. [4]

(i) Using your answers to part (i) and (ii), state the range of values of & for which
3cos28 2 2sinf -1 for 0°<H <360°. [2]

9 A particle moves in a straight line with a velocity, v m/s, given by v=-3t" +12¢-13.
The displacement of the particle from a fixed point O after 8 seconds is 400 meters.

Calculate
(1) (a) the displacement of the particle after 5 seconds, [4]
(b) the value of 1 when the acceleration is zero. [2]

(11) Explain why the particle will never come to rest.
Hence find the maximum velocity of the particle. [3]

(1i1) 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 k is a
positive constant.
Given that €, has a radius of 2 units, find the value of k. [4]

(1)  The centre of a circle C, lies on the line y = 2x+ 2. Given that C, passes
through the points (3, 2) and (0, —1), find the equation of C, . [5]

(i) Calculate the shortest distance from the centre of C to the circumference
of C,. [3]

13
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- ; 1
11 (i) Find | ————dx. [1]
J V2x+14
i d 3x+12
(i1) Show that —|lx—2 2x+]4=?==-. 3
odx [[ ] A2x+14 E ]
. ; 3x ; 3 .
I'he diagram shows part of the curve y = ———+1 intersecting the line y=1.75
V2x+14
and x=p.
(11i) (a) Find the value of p. [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]
(c) Find the area of the shaded region. [2]
i
&
———————————— End of Paper--——-—-—-
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ + by + ¢ =0,
—b+Jb? —dac

2a

_I =
Binomial expansion

{a+b}"=a"+[f]a""b+ [:]a"'zb:t,,+["]a"'rb’+.“+b".
r

r

"]= nt =n{n-1}......h-»—r+l}

where n is a positive integer and [
rifn—r)! r!

2. TRIGONOMETRY

ldentities
sin' 4 +cos’ 4 =1
sec’A=1+tan’ A
cosec’ 4=1+cot’ A
sin (4 + B)=sin A cos B+ cos 4 sin B

cos(4d Lt H)=cosdcosB FsindsmB
tanA +1anf
| FtanAtan B
sin 24 = 2 sin 4 cos A
cos 24 =cos"A—sin'd4=2cos’A -1 = 1-2sin’A

2tan A
tan 24 = ———
1-tan” A

tan (4 £ B)=

sinA+snB=2sin—{4+ H}cns%{.al - )

— gl | =

smA—sinB=2cos—(4+ B)sin %{.-i‘ —B)

=3

cosA+oos B = 2ms%{d+3]ms%{.4—£}

cos d—cos B = —Zﬁin%{zf - B]sjn—;-{.—i— g)

Formulae for AABC
a b c

sind sinB snC

a=bF+c —2bc cos

A= —absinC

1
=

Need a home tutor? Visit smiletutor.sg



It 1s given that f{x}—-— 22 49" -2x+2.
(i) Find the remainder when f(x) is divided by x* +4x-3. [2]

(ii)  Hence solve the equation f(x)—5=0, leaving your answers in exact form. [4]

=
Write down and simplify the first four terms in the expansion of (3.:—%] , in

descending powers of x, where p 1s a non-zero constant. - 13

5
Given that the coefficient of 2 in the expansion of (2_\-3’ - I[lr ~—P-,—] is 90p°, find
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 ‘=||U—5.‘I| and y=5+4x—x",
mdicating clearly the x - and v -intercepts and the tuming points (if any).  [4]

(iii) Hence deduce the range of values of x if 10+ 8x —2x" <[10—5x]. (2]

(a)  The function [ is defined by £: x> (x=1)(3x-2), xeR.

(i) Skeich the graph of y = f(x), showing clearly the x- and y -intercepts
and the coordinates of the twming point. [4]

(ii) State the range of . (1]

(iii) The function g is defined by g: x> (x-1)(3x-2), xsk keX.
State the maximum value of k such that g exists. Hence find an
expresston for g™ (x). 3]

(b)  The graph of y=h(x) undergoes 2 successive transformations
. no. - N
1 A translation of JI in the positive v -direction,
Il A scaling with a scale factor of 2 along the y -axis.

The resulting graph is ¥ =6cosx. Find h(x). 2]

[
raT]
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(a) Without using a calculator, evaluate 6, given that

3211! :"2:1! —_-3**‘. [23
(b)  Solve the simultaneous equations
ee’ =e",
log, (x+2)=1+log, y. [6]
. ; dx . b .
(i) Express . n the form a + T where @ and b are integers. [2]
X+
(i) Differentiate 2xIn(2x+1) with respect to x. [2]
(iii) Using the results in part (i) and part (i), determine [In(2x+1) dx. [4]
V
Y
2y=x
3 T
A
)

The diagram shows parts of the curve y=3—+/2x and the line 2y = x. The curve and
the line intersect at the point A .

{i) Show that the area bounded by the curve y= 3—@ , the x - axis and the lines
x=4.5 and x="Y can be expressed as (a 2 +h) square units, where o 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 v=3- 5 and
the y-axis [3]
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A circle C, has equation given by (x—1)" + " +63—-16=0.

{i)  Find the radius and the coordinates of the centre of C|. [3]
(ii) Find the equation of the tangent to the circle at the point P{4_.—'F}. 3]
The point Q is such that PQ is the diameter of the circle.

(iii) Find the coordinates of Q. (2]

A new circle C, passes through P, (2 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
G- [1]

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

1 B(2a+4,3a)

4(0,2)

L
=

C(b,0)

D(2,-2)

The diagram, not drawn to scale, shows a rapezium ABCD in which AB 1s parallel
to DC and angle BAD =90°. The vertices of the trapezium are at the points A4(0. 2),

B(2a+4,3a), C(b,0) and D(2.-2).
(i)  Given that the length of AB is 4+/5 units, find the value of a, where a> 0. [3]
(ii) Find the equation of AB . (2]
(i) Find the value of b. 2]
(iv) Find the perpendicular bisector of 48,

Hence or otherwise, show that C lies on the perpendicular bisector of 48 [3]
(v) Find the area of rapezium ABCD. 2]

r38
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(cos@+sin@) .

10 i) Show that =
@) ® see” B+ 2tan @

0s’@. [2]

(ii) Hence find all values of &, where 0 <@ <2, which satusfy the equation

: 9
sec H+"mn€=2(2+wn£?]. (4]
(cos@+sind)

(b)  The diagram shows a rectangle MNOQ embedded in the triangle POR . It 1s
: 2 . i -
given that PR=35 cm, ZORP =6 and area of rectangle MNOOQ s ?cus g,

where 07 < & < 90°,

25 25
(i) Show that the shaded area, 4,15 givenby A= _—; [Zsin 28 —cos 2&)—— ?

[3]

25
(ii) Hence, show that A4 can be expressed in the form A4 = Rsin {25‘—&}—?

where 8 =0 and 07 < 2 <90°, (2]

(iii) State the exact maximum value of A [1]
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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 4xem and a height of 3xem. 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’.

3xcm

heom

—— e 4

(i) Show that h=

6—?—}:. (2]
&

(ii) Show that the total surface area, A4 cm’, of the toy is given by

480 2 3 .
A=222 49876 em’. [3]
x

(iii)  Fmd, using differentiation, the values of k and x which give the mimimum
surface area of this toy. You will need to justify that the surface area is a
munimum for the values of h and x obtained. [5]

[ The area of the curved surface area of a cone of radius r and slant height [ 15 777 . |

| The volume of a cone =%x base area « height. |

End of Paper

Ja‘i
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2015 S4 IM2 Common Paper Solutions

No.
1(i) 2 +]
f+4x—3]zf+9x’—zx+z
2x +8x" —6x
2 +4x+2
X +4x—3
5

Remainder = 5

Alternatively

Let f(x)= (;\'2 +4x— 3){m'+ b)+e

By comparing coefficients, f(x)=(x* +4x~3)(2x+1)+5
Remainder = 5

o

lﬁir From (x* +4x—3){2x+]}=0

TSP =0or (xFN)=0 T T T
T T —4 4 40X
2(1)
44428
-
r=-2+7

(-5
=(3x) +5(3x) [ ]+'|ﬂl[3r} [—rﬂ] #10(3x)’ [-i’-] bisi
~2a3et (i) - £ Jero (20 }[ }m(at }( P’]

_ 270p° _‘-?ﬂp Q

4
X X

=243x" —405px* 4

2« —1{37——] =(20'- [2431’ ~405px” i, 200 ! +]

X x
270p° i x[ —90p° J N

=...+{-1)x

X X y

_270p° 180p° i
X X
Thus -270p° —180p" =9%0p°
=90p* (4+2p)=0=p=0(NA)or p=-

1'1-"&
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3(i)

From 10+ 8x—2x7 =!]ﬂ—-5_ri

=10+8x-2x"=—(10-35x) OR 10+8x—2x" =10-5x

= 2x —3x-20=0
= (2x+5)(x—4)=0

OR 2x —-13x=0
OR x(2x-13)=0

= x=-254 OR x=0,65
(Reject -2.5) (Reject 6.5)
(i)
3 The rangeis x<0 or x=4.
i)
4(a) .
(i) 21”
4 _ x|
(a) B 1 '
(ii) CImh
4 | Maximumvalweof k=0 7 '/
(a)
(i) | y =(x=-1)(3x=2)=3x" - 5x+2
=>3x" -S5x+(2-y)=0
5+ B5+13(y-2)
- (»-2)
(3]
Since x<0, g™ (x) = —-5_'J: Lo
4 Before 11, y=3cosx o
(b)
Before 1, _}':3m5{x+%}
5 3% %3 x2"x2' =3" x3*
{a] 3:’.1 % 2 ) 34
3 2P xd
gl
32
5(b) | " =gV
24x=4y
x=4y=2..{1)
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log, (x+2)=1+log, ¥

M = ]Dgz 2 +]0g! ¥
log, 4

%lng2 {.1:-!-2} =log, 2y

1
(x+2)2 =2y

Substitute (1) into (2),

dy-2+2=4y

4}-‘{_1-'—]}::!)

Since y =0 as it would make log, y undefined.
Thus y=1 .x=2

6 dx _2(2x4l)-2 2
@ | 2x+1 2241 7 2x+l
6 d 2
G E;[Exln{!x+l}]=2]n{2x+I}+21[2I+|]
4x
=2In(2x+1)+-
B
6 Integrate both sides in (i1),
(@ ji[zxin[:xﬂ)]dx:j 2in (2 +1) 4 —2 ]dt
dx 2x+1
4.
2xin(2x+1)+e= [ 2In(2x+1) dx+j2x1| dx
_zjln{zxn_:-d“jz-hﬂ dx
2ein(2x +1) o~ [2- —— dx= [2In(2x+1) ds
2x+1
2xIn(2v+1)-2x +In2x+1] +e=[2In(2x+1) dx
.‘.Jh}{?.tﬂ} tix=xlnl?x+]|—x+%h1|2:r+l| +c
¥ ] 8
Areaofregion =| 0- 3—@ dx
{i} & Ls ( )

(et
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- :%(2.1’]; -33{

5

L or-2]

{2

a _%(54\5)—22%}

=18J§—12%

(ii)

Substitute 2y =X into ;
% =3-2x

= 6-x=2/2x
=36—12x+x" =8x
=x=20x+36=0
= (x-2)(x-18)=0
=x=2, 18 (N.A)
Sy=l

A-=(2.I}

(iii)

Area required :j:fi ~J2x dx —% x2x]

= [3.1—%[2-1']%]: -1

Alternatively
1 31 2
- -z-xlx1+L —2-{3-_v] dy

|

| ®

| =1gl-0-]
| 1 1
lr =1~E{ﬁ—3}=2E

e |

(i)

(x=1)"+ 3" +6y-16=0
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(x=1)" +(y+3) =9-16=0
(x— i’]: +{y+3}" =25
Coordinates of the centre of the circle are (1,—3)

and the radius is 5 units

B(i =
) | gradientorcp =112 2
4-1 3
Gradient of tangent at P =i—
i R e . |
Equation of tangent at P is: | Alternatively, |
3 : Subx=4,y=-Tmtoy=mx+ec:
J"_(_?}zth_"'] | -7=3+ec=¢c=-10 :
I
1 I
I . 3 .
y=1x—m | Thus, equation is y il 10 !
4 e e s
8(ii) | If PO is the diameter, then C is the midpoint of PQ.

—?+y:_

Therefore i =1 and 3

=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 ZPXO=90°, But ZPXQ =2-FPR0O, thus ZPRO=45".
Therefore, the centre of C, can lie on the circumference of €.

ogi)

J(2a+4-0) +(3a-2) =45

4a” +16a+16+9a" ~12a+4=16(5)
13a” +4a—60=0
(13a+30)(a-2)=0

(refect 2 a>0)

9(ii) : 2-(-2) : I
Gradient of AD== D2 =2 Hence gradient ofAB:E

2. Equaton of A8 1s: _1.’=%I 2

rd

i) | Given € = (b, 0)
ﬂ+‘: :l:>f:ﬂ-E 6
=2 2

9% | Midpoint of AB, M (4,4)

Equation of perpendicular bisector of 4B is: y—4=-2(x-4)
=y yp=—2r+12

Subx=6, y=-2(6)+12=0 1>
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As the point satisfies the equation, point C lies on the
perpendicular bisector.

V) : 110 2 6 8
Area of trapezium ABCD = —
212 -2 0 6 2

=%[3ﬁ+1ﬁ—<—12)—4)

1
=—(60
(60)
=30 square units
10 -
o [msfmmﬂ)’
(a) 1+tan’ @+ 2tand
i
O _'[Cusﬂ[l+lanﬁ}:|l
(1+ tan 0’
= cos’ # = RHS
i— —————————————————————————— =
: Alternatively

cos’ @ +sin’ 8 + 2 cos @siné
sin“@ _sinf

o t2—

cos 7 cos @

1
:LHS=
] I+

_ cos” @ +sin’ 6+ 2cos@sin
cos” @+ sin’ @+ 2sin fcos

cos’ &
I __f_'-Q‘—i: gsR¥Se P S I
i + =2anf+ 4
(a) | cos’@

(i) | sec’@=21an@ +4
tan” @ - 2tan#—3=0
(tan& —3){(tanf + 1) =0

land =3 or tan#=-|

a=1.249 of =X
4

8=125 439 or @= %r Ef {reject both ans)

10 | Area of shaded region, 4

(b) |_A 5 cos@)(5 sinf)) - Ems! &
(i) 4

25 =
= E sinfeosd — P 0
2

< E[cnszﬂrl']

Fi

50sin 28 - 25cos 20— 25
8

255 25
= == (2sin20-cos26) - —.
] 8
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10| Let 25in20-cos28 = rsin (20 -a)

B r=rF =45

(ii) :
tan o :E::m‘ =26.5631"
A= 25‘“'— in(20-26.6°) -2
Thus R:% and @ =26.6°
10 S
ﬂ}} Maximum A = E"J‘% i:'-']IiJ
(iii)
11

() %:r[dx]’ (3x) + 7(4x)* h = 9607
16 h = 9607 —-16x"7

h:Ei—x (proven)
X

111 4= r(5x)(4x) + 27 (4x)h+x(4x)" (slant height of cone = 5x)

(i) 480
= I o e o Y
X

4807

+28m’  (proven)

11 dd 43[]::’
S i
— 4807 + 56’

't'J

,m;:

={)

J— =2.05em (2.0465)

h=123cm (12.28)
d’4 _960x

- + Shar
dax” X
“’"f _0g -+ 567 >0
de'| .. (20465)

A5 a mimmum.

b3
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’ + bx + ¢ = 0,

Tz—bi-.f'b‘-c;ac

2a
Binomial Expansion
(ﬂ+b}. =g" +[T]an—|b+[:Jda—1bi +_”+{"Jﬂgnrbr +"'+brr‘
r
] — -
where » 1s a positive integer and | L T nlr=1)...(n r+1)
r) rlWn—-r)! rl
2. TRIGONOMETRY
Identities

sin” A +cos’ 4= 1 o
sec’ A=1+tan A
cosec” A =1+ cot’ A
sinfd £ B)=sm A cos B+ cos 4 sin B
cos(A+ B)y=cosdcos BFsind sin B

tan A + tan B

Lan( A+ E] T A e v e
| Ftan Atan 8

gin 24 =2 smn A cos 4

cos 24 = cos’ A — sin° A = 2cos° A4 — I =1 - 2sin" 4
2
tan 24 = Lﬁ’
I —tan” 4
Formulae for AABC
a b €

sin A sinB  sinc'

. 1 1
g = &+ =2becos A

J=%h¢?5]‘.ﬂ A
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LA

The acute angle A and obtuse angle B are such that tan 4 IIE and dcos( A4+ B)y=3sin(.A4 - B).

Without using a calculator, find the exact value of cos 5. [5]

(i)  Write down the first three terms in the expansion, in ascending powers of x, of (1+ x)",
where 7 15 a positive integer greater than 2. [1]

(ii) The coefficient of ¥ in the expansion, in ascending powers of x, of (1+x)" (2 .
where n 15 a positive integer greater than 2, 15 456. Find the coefficient of . (4]

The volume of a cube, ¥ em’, 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, 15

increasing at 0.5 cm per second. [5]
T 2
Given that —2__“% =g+ % , Where a, b and ¢ are integers.
X -x X —-x
(i)  Find the value of a, of b and of ¢ [2]

(i)  Using the values of b and ¢ found 0 pant (i), express —bi;——k% as the sum of 3 partial
¥ —-x

fractions. [4]

N

(0,~8)

The diagram shows part of a straight line graph drawn 1o represent the equation
&
Jx

makes an angle @ with the x-axis at point R, where 07 < 8 < 90°, find

y 4 ——=5Jx, where k is a constant. Given that the line passes through the point (0, - 8) and

(i) the value of k and of &, (4]
(ii) the coordinates of K. (2]

[Turn over
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g+1

i Prove that cot(x - #) = < =

® oM == g B3]

(i)  Hence without using a caleulator, show that cot % =2+4/3. [3]
Y

C5,7)

A(-1,3) <|

W
=

(@ B

The diagram shows a tnangle ABC in which the coordinates of the points 4 and C are (-1, 3)
and (5, 7) respectively.

Given that AR = BC,
(i)  find the coordimates of 8.~ ° [4]

{315 a point on the perpendicular bisector of AC,

(ii)  Find the equation of BD. 13]
(i)  Show that t;—iiln{cns-'i:r}] =—4tandx. [1]
X
It is given that AR and d"rr =ktan® 4x.
de 2 8 dx’
(ii)  Find the value of k. 131
(iii) Usmg the result in part (i), find y given that x =0 when y = 1. [3]

The equation of a curve is v = (k—7)x” —8x + &, where k is a constani.
(i) Find the set of values of £ for which the curve hes completely above the line vy = 1. [5]

(ii}  Inthe case where & = §, find the set of values of ¢ for which the line y = 2% — ¢ intersects
the curve at two distinet points. 131
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7 xcm A

The diagram shows a rectangle OAPB inscnbed in a quadrant of a circle of radius 5 cm.
The length of 4 is x cm.

(i)  Show that the area of the rectangle, 4 cm’, is given by A = x/ 25— x". (2]

(i)  Given that x can vary, find the value of x for which A4 has a stationary value. [4]

(iii) Di:t_mnjne whether this stationary value of 4 15 a maximum or a mimimum. Hence find 2]
this value of A.

The equation of a curve is y= — In(3—ax), where a is a constant.

()  Find the value of g if the gradient of the curveat y=—In 515 2. - 4]

(ii)  Find the value of a if the normal to the curve at x = | 15 parallel to the line 2x - y = 5. (2]

(iii) In the case where u = 4, find the coordinates of the point on the curve where the
equation of the tangent to the curve is y = 4x — 2.

(i)  Find the turning point of the curve y= x* - 4x [2]

, indicating clearly the coordinates of the turmng

(if)  Sketch the graph of ¥ =| X’ - 4x

point and of the points where the graph meets the x-axis. [31

(iii) Using your graph, find the number of solutions of the equation | X —4x | =21-mx

when

(a) m=-2, (b) m=

bt | =

[4]

End of Paper

LYS
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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. deos(A+ B)=3sin(A- E)

4 cosAcos B — sin Asin B = 3(sinAcos B — cos Asin B)
2 1 . 1 2z
{—=)ecos B —4(—)sin B = 3(—=)cos B - 3(—=)sin B
J5 J5 J5 J5

S5cos B=-2sin B
:mBz-E
2
2
cosB=——
J29
- 2J2
29

OR

deos( A+ By=3sin(A-H)
4{ cos Acos B — sin Asin B = 3{ sinAcos B — cos Asin B)
dcosdeos B — 4sin Asin 8 3sinAdcos B — 3cos Asin B
cosdcos : cosdcos B

4 —d4ran Atan B= 3 tanAd —3tan B

4 — 4;':} tan B = 3{%} —3tan B

5
tan B = -—
2
cusﬂ=—i
29
_ 2
29

47
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20) (142" =14+m+ 70N

2(i1) (2-30)"=(2)" + 42 (-3x) + 6(2)" (=3x)° +...
=16 —96x + 216x* +...

; nin—1)

(1+x)"(2-3x)" =1 + mx - x4 .16 —96x + 216x* +...]

= —06x + 16mx + (87° —104n+ 216)x% + ...

Coefficient of x°*: 8n' —104n+ 216 = 456
n' =13n-30 =0
(n=15}n+2)=10
n=15 ar n=-2 (N.A.)

Coefficient of x = 96+ 16(15)
= 144

3. =y
dir¥
— =X
dx
di¥f dF dx
—_— i — N —
dt dx di
5=3x" %05
@
R

Volume of cube = l J% ]'1

= 6.085806
= 6.09 em” (3 s5.f)
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4.(i)

5.0)

2x% -1 +bxz+c
— = s ———
x =5t - x°

3

2xt—l=axr’ -’ + bx* +¢

2x*-1 _ 4 B C
. T A e
X ox x—1

bt
-
o
|
Il

Letx =1, C=1
Letx =0, B=1

Coefficient of x°*: A=1

i1 1.1 1
J ¥ __+ 'I‘-+
X =T x x x—1
_}=u{';:5x—k

k=
ian@ =3

g =787

S.(ii) when y+/x =0,

5x—8=0

3

X=-—

5

3
R(1=,0
{5 )

Ax(x = 1) + B(x - 1) + Cx?

:ir-g
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6.(i) cot(Z—-0)=—o

m
tan (-~ 0)

a
| + [an;t.cmﬂ

T
tan — —tan &
4

1+ (tané
| —tan&
I + 1
— tan#
L
tan &
col & +1

cot @ —1

6.Gi) cot = =cut|‘,£ —~£}
12 4 f

o
oot — +]

i
Tan—
B

A i

J3-1 V341

34243+ 1
3i-1

= 2+43
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7.1) Let Bbe (k 0)
AB=BC

JE+ 1) + (23) = (k=5 + (=7
K+ 2k+10=k— 10k+ 74

+ o 10
3
a!i'{ﬁl )
3'!
7)) Gradientof AC= 1 —>
5+1
=2
3
i 3
Gradient of BD = _E
Equation of BD is y—ﬂ=—%{_\- . %J

y=-2x+8 OR 2y=-3x+16

]
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8.(i)

8.(ii)

d i 4 :
dx!hi{cusd»x}] = ——(-4sin4z)

=—4tandx

d’y 1 1
—= =———(4sec’ 4
& 2 8 =
= l—l!_'iv}-tzln“mr}
z 2 '
[
= ——tan" 4x
T
2

8.(iii) [~ 4tandx dx = In(cos4x) + €

I -
—x" +—lIn(cosd4x) +C
4 32

Whenx=0,y=1,

| éln{ms{}} +C
C=1

1 5 1
¥=—x +—In(cosdx) +1
4 32

Need a home tutor? Visit smiletutor.sg
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9.() (k—-Tx*—8x+k=1
(k=Tx* -8x+(k—1=0

b = dac <0

(-8 —4k-—THk-1)<0
64 —A(k* -8k +7)<0
64 — 4k® +32k-28 <0
4k* -32k -36> 0

k* —8k-9>0
(k=9k+1)=0

k<=1 OR k>9

And k=7>0
k>17

Since k£ >7 AND k>9 .. k=9

o .(ii) y=x'—Bxr+8
' —Bx+8 = Zx—¢

' =10x+8+¢c=0

B —dac=0
(=10 =48 +¢) >0
<17

5T
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10.) AP = 57 —x?
AP = /25— em
A= O4x AP

A=x425-47

Lodd
10.11) —
(11) 7

1 |
x -%{25 — %) (=20 + (25— )2 (1)

It

1
(25 - x*) [—x* +25 - x*]
25 — 2x*

V25— x*

For stationary value of A, % =0

L 2
25 -2x ~0
~,||'25—Jc‘T
25-2x"=0
25
X=if—
2
_ 5
J2 2
_ 52
2
el
10.4iii) For {ﬁ__;i_d >0
2 dr
For .r}g,i‘i-c{]
2 dx

. 542 . L dd i ;
As xncreases through ik the sign of W changes from positive 10 negative,
X

Stationary value of A 15 a maximum.

52
2

Stationary value of A =

Need a home tutor? Visit smiletutor.sg
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11.4) y=-In(3-ax)

dy a
dx 3—ax

Wheny=—1In5, —In(3—ax) = —In5

3—ax =5
2
Xr=--
il
When .r=—~£,d—y—2.
a dx
a 2 _2
=
i
a=10

1.4 y=2x -5
; I—af(l
Atx=1, Gradient of normal = — a()
a
_3-a_,
a
a==-3
11.{111) when a= 4, .
dey 3—4dx
4 -
3—4x

)-2

Coordinates of point = ( ;E’— ,0)

Fedt | =

From y=4x -2 ,y= 4[

=0
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12.() y=x(x—4)

For x-intercepts, y =0,

x=0orx=4
For minimum y, when x = s
_ i
y =27~ 4(2)
= —4
Tuming pomnt = (2, - 4)
12.(11) iy
y=|12—4x| -
(2,4)
K o
= Shape

* Tumning point
* x-intercepts

12.(11i) (a) y=2+42x

2 solutions

12.(111) (b) y=21--x

P | -

3 solutions

W
b
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Paya Lebar Methodist Girls’ School (Secondary)
Preliminary Examination 2015
Secondary 4 Express / 5 Normal Academic

Mame: { ) Class:

Centre r;s | Index

Number _ Number

ADDITIONAL MATHEMATICS 4047/02
Paper 2 31 July 2015
Additional Materials: Answer Paper (10 sheels) 2 hours 30 minutes

READ THESE INSTRUCTIONS FIRST

Write your name, index number and class on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.

You may use a HB pencil for any diagrams or graphs.

Do nol use paper clips, glue or correction fluid.

Answer all the guaslions.

Write your answers on the separate Answer Paper provided.

Give non-exact numerical answers correct 1o 3 significant figures, or 1 decimal place in the
case ol 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.

Al the end of the examination, fasten all your work securely together,

The number of marks is given in bracketls [ | al the end of each question or parl guestion.
The total number of marks for this paper is 100.

HAND IN QUESTIONS 1 TO 9 SEPARATELY FROM QUESTIONS 10 TO 11.

My Target is:

This paper consists of B pages.
15 L
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2

Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax” + bx + ¢ =0,

. ~b+ b - dac

2a

Binomial Expansion

(a+b)" =a" + [T]ﬁ""ba{:]a"’b? + --v+(ﬂ]a""b' +ot b,
r

! —] 4
where n is a positive integer and | PP I nn-1)...(1—r+1)
r] ri(n—r)! r!

1. TRIGONOMETRY

Tdentities
sin’ A +cos” A=1
sec' 4=1+1tan" 4
cosec” A=1+cot A
sinfd + By=smn4d cos Btcosd sin B
cosld £ By=cos A cos BE¥ sin A sin B

tan 4 + tan B

tan(4+ B)= ——————
| Fran4tan B

sin 24 = 2 sin A cos 4

cos2d =cos  A—sin" A=2cos A —1=1-2sin’ 4

y
| =tan~ 4
Formulae for AABC
i h C

sin A sin f7 sin i
2 7 X
a = p+ " =2bccos A

1 .
A=—besin 4
2
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3

In the cubic polynomial f{x), the coefficient of X s a, where D<a=<].

(i)  Given that the repeated root of the equation f(x)=0 is 1, write down an expression
for f(x). [2]

(ii) Find the value of a 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 tmangle ABC in which AB = AC' has its base BC of length (41"5 —%) cm.

(i) Inthe case where the area of the triangle is J2-23 cmz, find, without using a
E g

caleulator, the length of the height of the triangle in the form [a+5+/6) cm. 4]
(ii) In the case where angle BAC is a right angle, find, without using a calculator, the

square of the length of AF in the form (c+dJEJ cm’, [3]
(a) Giventhat In( plq} =a and In{ qu )= b, express pqg in terms of  and b. 2]
(b)  Solve the equation log:(2x + 1)+ log, 3 = logy(x — 2y —log(x—1) [5]

3

A quadratic equation has roots ¢ and B, where a < fi.

: - | T | A ¥
(i) Giventhat exff= =3 and @” + ﬁz = 51. without solving for & and 3, hind the

value of & — 3. 2]
> I_ g 7 )
(ii) Showthat & —f" =-1 IE_ [2]

; a’ -1 l-—p"
(m)  Find the quadratic equation whose roots are and ——. [4]

153
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4

A circle, centre C, has a diameter AB where A is the point (-3, 2) and B is the point (5, 8).
(i)  Find the coordinates of C and the radius of the circle.

(ii)  Find the equation of the circle.

(iii) Show that the equation of the tangent to the circle at Bis 3y +4x =44,

(iv) The highest point on the circle 1s D, Find the coordinates of the point at which the
tangents to the circle at B and D intersect,

F

The diagram shows a rod PQ which 1s hinged at P, and a rod OR, which 1s hinged at .
The rods can only move in the vertical plane as shown. The rod PO can turn about P and is
inclined at an angle & to the vertical, where 0° <& <90°. The rod OR can turn about Q in
such a way that 1ts inclination 1o the honzontal 15 also # . The lengths of PO and OR are

3 m and 5 m respectively.

Given that & 15 x m from the vertical axis,

(i) find the values of the integers ¢ and b for which x =acos& + bsind .

Using the values of @ and b found i pan (i),

(ii)  expressxin the form Reos{# —a), where >0 and (0° < @ < 90
(iii) Hence state the maximum value of x and find the corresponding value of & .

(iv)  Deduce, with explanation, the value of v when the rod PO is inchined at 90° 10 the
vertical and the rod OR is inclined at 90° to the honzontal.

(4]
(1]
[3]

[2]
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A curve 13 such that %:E{h-?}{xnﬂ.

(i) Given that the curve passes through the poant (0, 9), find the equation of the curve. (2]

(ii) The point (p, g) where p and ¢ 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 decreasing

{a) for values of x slightly less than p, [1]

(b} for values of r shightly more than p. [
(v}  What do the resualts of part {ili) imply abowt the stationary poant (o, g) 7 1
(¥} Find the value of ﬂi—;’ at the stationary point { p, ¢) and cxplain how this value

suppons the cun:I::iun that you have made in part (iv). (2]

A particle travelling along a strmght line 15 such that its displacement, 5 m, from a fixed

1

point 2 on the line 15 given by s=1 &' + 9 + 18, where t seconds is the time after

motion has begun.

{i) Finad the mitial displacement of 1he pamicle from the hxed pomt €, [

(ii)  Find the values of ¢ for which the particle i s instantanecusly a1 rest. Show that the

periicle returms fo afs starfing Jms.itin::n at ome of the too instances of rest, 4]
(iii) Fnd the 1otal distance travelled by the particle during the first 4 seconds. [3]
(iv) Fmd the mimimum velocity of the particle. [3]

15l

[Turn aver
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(i)

(ii)

On the same axes, sketch the graphs of y=2sinr+2 and y= %5;'“% +2 for
O=r=dr. [4]

It 1s observed that the height, y m, above sea-level, reached by ocean waves on two
particular days during a time mterval of 47 minutes can be modelled by
trigonometric functions. The function y =2sins +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 <4 Justify your answer. [2]

(b)  Which of the two days would have provided surfers with a more thrilling
experience of nding the waves at sea? Explain your answer. [3]
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esh sheet of writing paper.

i0

.II.'.I D Jti- G

In the diagram, A, B, C and D are points on the circumference of the circle with centre O.
EDFG 15 a tangent (o the circle at D,

Given that A8 = BG and DF = FG |, prove that

(i} ABD is an isosceles tnangle, (3]
. 1
(i) DB -DF? = 4““"_}' [2]
(iii) tnangle ADF is similar to tnangle DCF, 2]
(iv) GF’ = AF xCF 2]
155
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d x ix-4
11 sh hat — = :
(a) ow that dx[JEtx-ZJ 2J{3x—2)3 [3]

(b)

The diagram shows part of the curve y = j‘E:'.:i}? .
(3x—-2)

The curve intersects the x-axis at the point 4. The line through A with gradient 3

mtersects the curve again at the point B. The line BC 15 parallel to the v-axis.

(i}  WVenly that the y-coordinate of 5 is 2.

Determine the area of the shaded region bounded by the curve, the x-axis, the
y-axis and the line BC.

(ii)

End of Paper
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Paya Lebar Methodist Girls' School (Secondary)

2015 Preliminary Examination
Additional Mathematics 4047/2

Mathematics Department

Worked Solutions
On | Working Marks Total Remarks
1 | () f(x)=(ax+k)x—1)" where k is a constant Accept

[2] f(x) = {u:r—k]l{x-l}l

where k is a constant

(ii) By the Remainder Theorem,
floy =1

By the Remainder Theorem,

f(-3) = -8
(-3a+1)}-4)° = -8
TR P
2
3
3”2 :
F f
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 |() f(x)= a(1'+k]|{x—]}|: where & 15 a constam
[2]
iy f(H =1
a(k)(=1)* = 1
ak =1 ————(1)
(iii) f(-3) = —8§
a(=3+k)(-4)" = -8
I
a(=3+k)= —— . 2)
) > (2]
Subst. I::l into (2):
a
u(__ﬁ..'__I]: .._I
= i, 2
|
-da+l= -
2
3
Ja= =
1
o= —
2
[4]
(6 m)
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Paya Lebar Methodist Girls' School (Secondary) Mathematics Department

On | Working Marks | Total Remarks

2 | (i) Letthe height of the triangle be h cm.

[wiw%]{m =32-2.3

|
2

3 -
22— k) =32-23
[ ﬁ][ )

(22 =3)h) = 32 -243
II:-}JE—NE
2J2-3

_W2-23 22443
T 242-43 T 22443

_12+3J6-4J6-6
(2V2y - (3)?
_6-46
8—3
_6_1 J6
5 5
: ; 6 1
. Height of iriangle = ———4J6 cm
o S = |
[4]
(ii) By the Pythagoras Theorem,
AB® + AC? = BC?
AB* + AB” = BC? (- AC=AB)
2AB* = BC? '
AR? = 1[4\@— EJ
P \ ~3
- 2
-} 2[: 32
21\ J3
= 222 -3)?
= 2(8—4J6+3)
= 2(11-46)
= 22-8J6 cm’
(3]
(7 m)

lﬁf]‘
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Paya Lebar Methodist Girls' School (Secondary) Mathematics Department

On | Working Marks Total Remarks

2 | Alernative Solution:

(i) In n-2d AABC,

sin ZACEB = —i—B
BC
5ind45° = = 3
42-5
V3

1 -
AB= —x(4J2-23
V2 X }
=4-./6
(4-6)

16—2(4)(V6)+6
22846 cm’

AR®

Il
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Pava Lebar Methodist Girls” School {Secondary)

Mathematics Department

Alternative Solution:

2 a
il = pg=e
b

In{_u:'q]

In(pg™) = b = pq-":e

(P g)pg*)=e" xe”
(pg) =™
a+h
3

pg = e

Qn | Working Marks Total Remarks
3 |(a) n(p’g) =a (1)
n(pg*) =b oo (2)
(1) +(2) ln{pzq}+]n(pql} =a+b
In(p’q’) = a+b
In(pg)® = a+b
BIn{pq} =aga+b ’
atbh
In{ } : =
Pq 3
ath
pg=e?
[2]

15§ ;
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Paya Lebar Methodist Garls' School (Secondary)

Mathematics Department

On | Working

Marks Total Remarks
3 | (b) logy(2x+1)+log, 3 = logg(x— 2 —logq(x=1)
3
g
Iog3[2x+l}+%—?— = ln—g-}-{—x—-l}——lug3{1—]}
Iﬂg3 £l lﬂgjg
3
logy(2x+1)—log; 3 = logs(x— 2}?— logy(x=1)
[2_t+l] (x=2)
loga| 2+ | = logs =L
3 x=1
2x+1 {1—2}2
3 x=]
(2x+1)(x=1) = 3{x-2)°
|
288 —x—1= Yx* —4x+4)
X-1lx+13=10
(I 12 =4 3)
= :
11+ /69
AE —
2
¥ =1.35 or 9.65 (103 s.f)
{reject, as x> 2)
s X =945
(3]
(7 m)
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l._ —
oL
e o
A B
(E_J_.f_”_
o 4
(f-o)-(. -2
go 4
Eg‘—g’+u—hﬂ_
e p— lq}j e, — —H +.__ﬁ_r_
Gg-Dg+t-pomw  g-1 1-2
? —— 151004 map (1)
=1 b=
[2]
I
U
¢ Y ¥ [z ) -
Uf‘]*ﬁlﬂ-
[go+(g+ 2)g-n) =
(f+go+ o)g-0) = F-2 W)
[z]
(=g -» ) %—:g‘—x]
P
ST
[E,] L
U )
gor-(g+ 2)=
zg‘"ﬂbz—-ﬂ—z{g_n}
r
E_zg+zv
IR
SR o] SYIEJA] BurjIoAy | ud)

Rt edagy saneagiepy
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Paya Lebar Methodist Girls" School (Secondary)

Mathematics Department

On | Working

Marks Total Remarks
2 g2 2_ 242 2
4{E}uliﬁ:a‘a—ﬂl+ﬁ
il @ af
_ (@) -(ap) -]
aB
I_[_ J_T_I
A N2)
-2)
2
= -8
_ _ o o TS
-, The required quadratic equation is x *?x—B:{J_
[4]
(8 m)
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Paya Lebar Methodist Girls” School { Secondary)

Mathematics Department

On | Working Marks Total Remarks
5 | (i) Diameter of circle 1s AB
where A=(-3,2) and B=(58)
-3 '
Centre of circle, ¢ = [—'+—5:—:—+—EJ
2 2
= (L3)
: y 1 2 2
Radius of circle = E\," [5- (=3 +(8-2)
=1 36
2
I
= —{10
1[ )
= 5 units
(4]
Alernatively,
Radius of circle = 1}{5*112 +(8-5)°
= 5 units
(i) Equation of the circle is (x—=1)" +(y 5" =5
e x? +}'3-—21-II1I3'+I=H
(1]
(ifi} Gradient of AR = e
3=1~3)
3
4
.- 1
. Gradient of the tangenmt at B = — 3
Equation of the tangent to the circle at B is given by
4
y=8 =——(x-3)
1
Hy—8) =—-4{x-5)
Iv—-24 = —4x+ 20
Irv+dx=4d4
[3]
f{.i) 0
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Faya Lebar Methodist Girls” School (Secondary) Mathematics Department

Qn | Working Marks Total Remarks

Ln

(iv) Highest point on the circle is D=(1,10)
Equation of the tangent at D is y=10 &
At the point of intersection of the tangents,

3H10)+4x = 44
dx =14

_::S—I
2

. The tangents intersect at the point [3:—!, IDJ
(2]

(10 m)
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Paya Lebar Methodist Girls" School (Secondary)

Mathematics Department

On | Working Marks Total Remarks
f
R o xm
: i s
: Sm
i o L e N * S Y
5 g’
a
im
P
(i) Inn-2d AFQT,
sin@ = QI
3
QT =3s5inf
In n—=2d AQRS ,
cosfl = QE
J
5 = 5cos
x=08+0T
=5cos &+ 3sind
=gcos@+hsind
a=35 and b=3
[2]
(ii) x=5cos@+3sind
= Rcos(@—a) where R>0 and 0° < o < 90°
R=4/5? 4 32
=34
=583 (10 3s.1)
tanea =
5
= 30.96°
¢ =31.0°
Accepl
» x=35.83cos(d8-31.0°) x= \-"'ﬁt‘trﬁlifj— 31.0%
[4]

(41 I
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Paya Lebar Methodist Girls” School {Secondary)

Mathematics Department

On | Working Marks Total Remarks
6 | (iil) Maximum value of x= v@
=5.83
Maximum value is attained when
cos(#—30.96%) =1
where =30.96% < 8 —30.06° < 59.04°
g-30.96°=0°
&= 3096°
‘G=31.0°
[3]
(iv) When @=90°,
1= 5c0590° + 3sin 90"
=5(0)+3(1)
=3
[2]
Alternatively,
When & =907,
x = /34 cos(90° — 30.96°)
= /34 cos59.04°
=3.00
(2]
(11 m)
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Paya Lebar Methodist Girls” School {Secondary)

Mathematics Department

Qn | Working

Marks Total Remarks

dy
7 [ Z=206x-2x-3)

dx
=23x* =11x+6)

y = Izmr’ ~11x46)dx

3 110
=[x - ;—-+6x]+i.’_‘

=2 =112 +12x+C

Since the curve passes through the point (0,9),
9=0+0C
C=9

" }':ijf]]x2+]21+‘]

(i) At stationary points, dy ={
dx
2{3Ixr—2)x-3H=0

x=— wor x=3
3

Since p is an integer, p=3

When x=3, y=2(3"-11(3)2 +12(3)+9
=54-994+3649
=0

=~ g=0

[2]

[3]

(42
13
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(iv)

(iii) (a) For values of x slightly less than p,

let x=2.9
dy

2[3(2.9)-2)(2.9-3)
<0
. yisdecreasing for x=p~

{b) For values of x shghtly greater than p,
Jet x=3.]

dy _

2[3(3.1)-2]{3.1-3)
=0

. yisincreasing for x=p"

(1]

[

Value of x P p'

Sign of g
x

Slope

v)

When x=3,

d
Since =2

The stationary point (3.0) is a minimum point

4y o3x=3)+(3x-2))

dx*
=2{6x-11)

d’y

?_

2A6(3)-11]
dx
= 2{7)
=14

2

7 =0 at x= 3. 1his supports the
X

conclusion made in pant {iv) that (3.0) i1sa
minimum point

(1

(2]

(10 m)
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8 |(i) Displacement, s=1" 61 +91+18
When 1=0, s=18

- The initial displacement of the particle from O is
18 m [1]

(i) Velocity, v=dj
: dr

=3 -12149

When the particle is instantaneously at rest,

v=0D
¥ -12149=0
P —4r+3=0

(r=1r=3)=0
r=1 or r=3

When 1=3,
s=(3 =603 +9(3)+18
=18

. The particle will return o its starting position I

when 1 =3
(4]
{ill) When 1=0, s=18
Whent=1, s5=1-6+9+18
=22
When 1=3, s5=18
When r=4, s=(4)° -6(4)> +9(4) +18
=22
I . The total distance travelled by the particle
dunng the first 4 seconds
=3xd
=12m
[3]

1 h> 15
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(iv) For stationary value of velocity,
ar_,
de
6r-12=0
—=2=0
(=2

d*y
>=6 (>0)

dr
= v is minimum when =2

Minimum velocity = 3(2)* —=12(2)+9
=—3 m/s

(3]

(11 m)
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Remarks

(b)

(ii)  (a) Inthe interval 0 <t <dx, 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.

Day 1 would have provided surfers with a
more thrilling experience 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 | there is an additional cycle between
the greatest height and the least height of the
waves within the same time mierval.

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 | is
greater

(4]

[2]

[3]
(9 m)

17
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OQn | Working

10

E

(i) ZADG =90° (tan L rad)
ORI DG (Midpoint Theorem)
FAOR = ZADG =9° (comr. Zs, OBN DG

Since (8 is the perpendicular bisector of AD,
AB=DB
=+ ABD is an isosceles tnangle

[3]

(if) In n—2d AADG,
AG? - DG' = AD? {Pythaporas Theorem)
(2AB)? —(2DF)* = AD® (given AB =BG and DF = FG)

HAB® - DF*)= AD?
4(DB* - DF*)= AD’ (from (i), AB=DBE)

]
+. DB*-DF? = y AD?
[2]

(iii) In AADF and ADCF |
ZDAF = ZCDF  (Tangent-Chord Theorem)
ZAFD = ZDFC (Common angle)
S AADF s similar to ADCF |
("Two pairs of corresponding angles are equal)

[2]

{iv) Since AADF and ADCF are similar,
DF _AF
CF DF
DF*® = AF xCF

.. GF? = AFxCF (given. GF = DF )
[2] (9 m)

18
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11 | (a) i( ,—I ]
drl+/3x-2

-
I 1

(Gx—-2)2 (1)~ x. ;f3x—2}_ 2(3)

(Var=2

1
;[31—2] 2[2(3x—2)-3x]

Ix-2

br—4-3x

%

2(3x-2)2

Jr—4

24(3x=2)

[3]

19

15
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11 | (b) (i} AtA, y=0,
8324 _o
JGBx-2)°
Ix—4=10
4
¥=—
3
Equation of the line AB is given by
4
y—=0= 3( x— —J
v=3f—4
At the points of intersection of the curve and the line A5,
B(3x—4)
e s e JPET TR
J(3x -2y
T
—‘?_':.-'_‘_“” ~(3x-4)=0
J(3r-2)*
] 2 B
J(Bx=2y
3x—4=0 or LS
J(3x-2)
S
N
J3x—2)* =8
(3x-2) =64
Ix-2=4
r=2
AtB, x=2.
When x=2, y=3{2)—4
y=2
. The yv-coordinate of B1is 2.
[5]

20
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11 ¥
(0, 2) _ B(3x—-4)
; V(3x-2)°
]
E
1
2,
(b) (ii) Area of the shaded region
2
B(3x-4)
= (2X2) - J; ——dx
3
; v(3x-2)
3
(3x—-4)
=4 - mI o e M
4 3
g 24(3x=-2)
- % 2
=4 - 16
_sz—zL
3
4
= e = —3
J32)-2 J3[4]"2
*,
4
d-16|1~-——
[ V2 }
= 30849
= 3.08 sq.units (10 3s.f)
[4]
(12 m)
|££ 21
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2

Mathematical Formulae
1. ALGEBRA

Cuadratic Equation
For the equation ax” +bx+c=10,

s -b+ b -4dac

2a

(@a+b)" =a” +[T]ﬂ“"ﬁ+[;)a“"’b1 +ont {n]a““’b' +..+b"
r

__n :n{n—]} ...... {n~r+_l]
{n—r}r! r! .

Binomial Theorem

n
where n 15 a positive integer and[ ]
5

2. TRIGONOMETRY

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

+
tan(A4+ B)= tanAXtan B
1+ tan Atlan B
sin2A4 =2sinAcos A
cos2A=cos’ 4—sin” A=2cos’ A-1=1-2sin’ 4
tan 24 = ﬂm—}!—
l-tan” A
Formulae for AABC
a b c

s A N sin B _sinC
a’ =b" +¢'-2bccos A

A= ]Eb.-:*sin A

Need a home tutor? Visit smiletutor.sg



3

Answer all the questions.

The acute angles 4 and B are such that sin(4+ B)=0 and sin B = i

Without using a calculator, find the exact value of tan 4. [3]

e 2x+16 it s
Itis given that y = ——— . where both x and y are positive and vary with time.

X =
Find the value of y when the rate of increase of y is twice the rate of decrease of x. (4]
Express i in partial fractions [4
s el e ial fractions.

P (x+2)0x* +4) ]

(i) Find the range of values of k for which the line y = x—k intersects the curve
b =kx(_x+3} at two distinet 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]

- . : A T 5
Given that the first two noni-zero terms of the expansion of (I —hi] - E] are | and ——x*,
3

where n 15 a positive integer, find the value of £ and of n. [6]

3 .
i cos" x—smn'x l—lanx
(i) Prove that =

(3]

| +2sinxcosx l+tanx

Fs arsd 3
(ii) Find all the angles between 0° and 360° which satisfy M =" tanx. [3]
14 2sinxcosx 3

Itis given that f(x) is such that f'(x)=sin2x + cos3x.

Given also that f' %J =0, show that f"(x)+9/(x)=- ;i B g cos 2x. (6]

148
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11

4

Variables x and y are connected by the equation y=10"", where n and k are constants.

When a graph of lg y is plotted against x, a straight line passing through the points (1, 2) and

(4,—7) is obtained.

Find
(i)
(ii)

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(1,1n3) cuts the x-axis at 0.

(1)

Find the angle that PO makes with the x-axis. [5]

The normal to the curve y = xIn3x at R is parallel to the line y=5-2x.

(i)

Find the x-coordinate of R. [3]

The diagram shows a rectangular poster of arca 825 cm’ with side margins of 2 cm and top

and bottom margins of 1.5 ecm. The length and breadth of the printing area are x ¢m and

v cm respectively.

(ii)
(iii)

(i)
(ii)
(iii)

A ?
i) 1.5cm
= yem <>
2 cm 2 cm
o 4
A
J 1.5 cm _
. - 2 ain 825x
Show that the printing area, 4 em’, is given by A= A Ix. 13]
x+

Given that x can vary, find the value of x for which the printing area is stationary,  [4]

Explain why this value of x gives the poster the largest pninting area possible. [1]

Sketch the graph of y={7x-2[, for =1 x<2. [2]
Hence. find the range of values of x for which [14x— -1| 2 3x. [4]

Using vour graph, determine the number of intersections of the line v = mx +¢ with
v =|7x—2, justufving your answer in each of the following cases.

(a) m==Tand ¢ >2, [2]

(b) m=7 and ¢ <-2. Need a home tutor? Visit smiletutor.§g]
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Solutions to this question by accurate drawing will not be accepted.

o A(5.0)

In the trapezium QABC, the point 4 has coordinates (5,0) and the point C has coordinates

(—2,6). The sides OC and A8 are parallel, and BC is perpendicular to OC.

(i

(ii)

(iii)
(iv)

1
Show that the coordinates of B are [IE s ;) [5]
OC 15 produced to ) such that OARD is a parallelogram.
Find the coordinates of 1. (2]
Find the equation of the perpendicular bisector of OC. 2]

£ 15 a pomt which lies on the perpendicular bisector of OC such that the area of
quadnlateral OAEC 15 15 units’, Given that the x-coordinate of E is positive, find the

coordinates of £, [3]

END OF PAPER

49
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Preliminary Examination 2015 Solution

Additional Mathematics Paper | (80 marks)

Level: SecdE

tan 4 =—

.
Jis

2 =28

3 ___x+ﬁ B |
B(x*+4) B(x+2)

a
: k{—ls- or k>1

A l-r:k-cl
5

5 Lon=06,k=2

61 cos’ x—sin’ x
|+ 2sinxcosx
N l:cusx~sin xxcus_t +5in x)

sin® x+cos’ x+2sin xcosx
B (L't:-sx —sin xxct}s,x +sin x)

(cosx +sin x)
B (cosx —sinx]
- (cosx +sinx)
COSX sinx

_ COSX_ COSX
COSX Sinx
bl i,
COSY COSX
_l-tanx
l+tan x

= RHS (shown)

611 sox=26.6°108.4° 206.6°, 288 4°

7 f_'{x]=sin 2x+cos3x
fx)= J(sin 2x+ cos3x)dx

= —lc052x+lsin3x+c
2 3

Ao
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x)=——cos2x+—sn3Ix—-—
f{ ) 2 3 12
S(x)=2ces2x - 3sin3x
f'(x)+9f(x): 2cos2x—3sin3x + ')(w %cus}!x + %sin Ix- %)
y 9 : 3
=2c052x—35m3x—5cu52x+3szn31—:‘

- _%- %c{}sZI {shown)

8 k=5
Bii Coordinates are (1.25,1.25)
9 f = 64.5°

9i | x=0202
100 | [x+(2x2)]x[y+(1.5x2)]=825
(x+4)y +3)=825

825

+3=—
4 i+4

= E%_j -3
x+4

A ‘—“[E -3]{:]
x+4

B25x

x+4
10ii | x=292 or ~372 (N.A)
103 [ a4 _—2(3300)
de (x+4)
When x=292,
d*4  —6600
d’  (29.2+4)

=-0.18]

I

A=

—3x (shown)

Since *
dx’
possible.

11 Vi (212
(~1,9)

N

N

<0, this value of x gives the poster the largest printing area

d | b
v
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o S AT Wer o SRR e - ey S R S Bk )
o x< > or x2 i

17 11
11 iiia | 1 intersection;
Line parallel to LH. arm cuts R.H. arm at only one point.
11 0 intersection;

iih Line parallel to R.H. arm; for intersection, ¢ >-2.

H: M, = Mo
y-0_6
x-5 =2

y==3x+15 (1)

my. =———-

aC mﬂr
y-6_1
x+2 3
I 2
XFH= weses (D
y= 3 3 (2)

2
Sub (1) into (2): *3.1‘+15=l¥x+6§

31x=51
3 3
1:2-1-
2
Sub x=2 %lntu[ﬂ y= 3{2 ]*15
u=?l
2

] 12iv | Possible coordinates of £ are (0.8,3.6)

.r;ff

AW H Py
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Preliminary Examination 2015 Solution

Additional Mathematics Paper 1 (80 marks)

1 [ sin(4+B)=0
smAcosB+cosAsin B =0

sin A JE + Cos A[l] =0
4 4

V15sin A+cosA=0
J15sin4=-cosA
sind 1

cos A - ufrl_i

|
‘ﬂnA:—_
V15

Level: SecdE

M1: Addition
Formula

M1: Find cos B

Al

2 Jx+16
y:

dy _E‘r_—IIIZ)—{E_r+IﬁII}
dx (x-1)
_ 2x=2=-2x-16
'[.w—l}2

18

(x—1)

dy_ _,dx
dt dt
dr  dx di
gite
dt  dx di
il
dx
__18 __
(x-1)
(x-1) =9
x=]1=%3
x=4 or =2 (N.A)
When x =4,

. 2(4)+16
=T 4=

Ly=8

M1

M1

M1

Al




Preliminary Examination 2015 Solution

(x+2¥x" +4) § (x+2) " (x* +4)

Level: SecdE

x+l=A(x" +4)+(Bx+ CKx+2) M
Sub x=-2: ~241=d|(-2) +4] ~
—1=84
A=—I—;
; ) ; . M2
Comparing coeflicients of x°: 0= A+ B
ﬂ:l |_Any 2 correct
5 | mark
Sub x=0:1=44+2C
2C=1—4[-1J
8
c=2 4
4
1 3
- x+1 _ | N -3'T+4
(x+2)(x" +4) 8(x+2) (x' +4)
_ x+6 a |
8(x* +4) B(x+2) Al
i | ke(x+3)=x—k _
kx® + B3k =1)x+k =0 MI
Ok* —6k+1-4k° >0
Sk —6k+1>0 M1 : Factonise
(5k-1)k-1)>0
: Al
k<= or k>1
5
Aii MI: & -4ac<0

(3k—1) ~alkNk)<0
(Sk~1){k-1)<0

1..;;;“:1
5

Al
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=l+§x+ﬂ':—]]x’—h—ﬂx‘+.._
= i—!—[ﬂ—k]x +[—-"{n _])—ﬁ}r’ +..
3 18 3
n
R ki)
3 M1
n=3k - (1)
"("_"]}-ﬂ =_E i {2) Ml
18 3 3

Sub (1) into (2):
WEk-1) 3% 7
18 3 3
Ok -3k — 18k +42=
~0k* -3k +42=0
%’ +k-14=0

(3k +7)Nk-2)=0 Mi
k= —21 or k=2
3

M1

0

Sub & = —Il mto (1) n:l{—-i-i-]
3 3

n=-7 (N.A) - Reject k=-2-

Sub k=2 into (1): n=3(2)
=
S on=6.k=2 Al

13
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Preliminary Examination 2015 Solution Level: Sec4E

6i o 1-'1
LHS = cos x sin” x
1+ 2sinxcosx M1: Factorise
_ (cosx ~sin x)cosx +sin x)
sin’ x+cos’ x + 2sin xcos x TRy
- (cosx—sinx l’ms 1 +sinx)
{m“ +&in :]; M1: Factonise
i ({:05 r— Eiﬂ .I) dmmninatﬁr
[cns_t +sir1Jr;l
cosx sinx
_ COSX  COSX
CO5Y SNy
4
COSX  COSX Al: Divide by
_1_—Inr1x
l+1anx cosx
= RHS (shown)
6ii | cos’x—sin’y 2
el =—1ldanx
1+ 2sinxcosxy 3
1=1anx - 2tanx
I+1anx 3
3-3tanx=2tanx+ 2tan’ x
2tan’ x+Stanx-3=10
(2tanx -1 )tanx+3)=0 M1
1
fanx = —
2
Basic ~£ =26.565
x=26.565,180+26.565
OR M1: Find basic
r® angle (both
Basic £ =71.565 SoRe)
x=180-71.565360-7].565
. x=26,6°108.4° 206.6°, 288.4°
- - Al
7 | fx)=sin2x+cos3x
flx)= j{sin 2x+cos3x)dx
|
=——c052.1+|5in3.1'+c' MI
2 3
I[H]" Icns"‘(ﬂ. i K[H]
— |=- 2| — sin3 — |+¢
6) 2 &) 3 5"

Need a home tutor? Visit smiletutor.sg




Preliminary Examination 2015 Solution Level:

1 I.. |
x)=——cos2x+—sin3x—-—
f{} 2 3 2

Sec 4E

f"(x)=2cos2x-3sin3x MI
: »
£*(x)+91(x)=2cos2x—3sin3x+ e )
2 3 12
- 9 - 3 M]
=Emszx—351n3:——2-c052x+35m3x—E
3 5
== —=cos2x (shown
o ) Al
| 8i y=10""
lg v = (k = nx)igl0
lgy=—nx+k
_2-(=7) M1
-4
—n==3
SeneE3l Al
At (1,2), 2=(-3)1)+c M
c=3
k5 Al
8i [‘p=10"" — (1)
y=10" ——-(2)
Sub (1) into (2): 1077 =10° M1
r=5-3x
dx=35
r=ll
4
1 "
Sub x=1- mo(2): y=10*
! M1
y=17.783
lg v =1g17.783
=1.25
2. Coordinaes are l_:l_.25._|.35} Al l

A

Need a home tutor? Visit smiletutor.sg
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Level: SecdE

d
At P(1,1n3), < =141n3(1)
dx
=1+In3
At P(1.In3), y~In3=(1+In3)x—1) M1
y=(1+In3)x-1
When y=0, (1+In3)x=1
P
(1+1n3)
x=0477 M1
Coordinates of O are (0.477,0)
~ In3-0
1-0.477 Mi
= 2.0986
6 =64.5° Al
=
: Gradiemt of normal = -~ ]
14 In3x
|
S =2
I+In3x M1
l1+In3x= i
2
In3x=- l—
2
_l
Jxr=e MI
] _I
x=—g?
3
=0.202 Al
10i | [x+(@x2)]x[y+(1.5%2)]= 825 M
(x+4)y+3)=825
S 825
a+4
po 825 . MI
x+4

Need a home tutor? Visit smiletutor.sg
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—
A= {:i - 3](x} Al

e 825x
x+4

A

~3x (shown)

10| d1_ (x+4)825)-(825:)1) 3

0| dx (x +4) Mi
_ B0,
(x+4)
3300
= ~3=0
{x+4}? M1
(x+4) =1100 i3
x+4=2J1100
x=292 or —-372 (N.A) Al

10 1 a’4 _-2(3300)
W (x+4)

When x =292,
d*A _ —6600
de’ (292 +4)
- 0181 Bl: Show
. d*A . . d’A <0
Since = < 0, this value of x gives the poster the largest P

printing area possible.

1h ¥ (2,12)
t B1: V-shape graph
(-1,9) B1: Correct x- and
' ¥- mntercepts and

end-pomts labelled

] 1dx - 4= 3x

MI

Need | utar? \isit smil _
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Level: SecdE

;r*_:i or xzi
17 11 4 Al |
11 | 1 imersection; Bl
nia | Line paralle] to L.H. arm cuts R.H. arm at only one point. Bl
11 | O intersection; Bl
b | Line parallel to R.H. arm; for intersection, ¢ > -2 . Bl
120 | m oy =mge
y=0_ 6
x—-5 -2 M
y==3x+415 - (1)
1
My~ = —-
Mo
y—ﬁ_l
x+2 3 il
I 2
e o | e — 2
3 3 X 3 (2)
Sub (1) into (2): -31-+15=i-x+a% M1
31.1 = E;-
3 3
= '}l
¥=is MI
1. |
Sub x=2—imto (1) v==32—|+15
2 2,
2
Coordmates of 8 are (2 l ?1] Al
-
l
| I

Need a home tutor? Visit smiletutor.sg
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T3] (- 0+(-2) 0+6
i | Midpoint of OC-—'(T. T] M1
=(-1, 3)
. 1
Gradient of perpendicular bisector of OC = ——{ 3)
!
3
1
At (-1, 3), y-3=§[x+])
1 1 Al
=~ x+3-
¥ 3 g 3
(12 [ 4o 5 x -2 n‘_li
W 12000 » 6 0 i
5y+6x—(-2y)=30
(7 +6x]=30
Ty+6x=30 -—- (1) or Ty+6x==30 - (2)
3p=x+10 —em- (3)
From(3) x=3y-10 —-(4)
Sub (4) into (1):
Tyv+6(3y-10)=30 Ty+6(3y-10)=-30 | Ml
25y =90 25y =30
y=3.6 y=1.2
Sub y=3.6 mo (4} Sub v=1.2 mto (4)
v=3(3.6)-10 x=3(1.2)-10
=08 x=-6.4 [NA) o
Possible coordinates of £ are (0.8.3.6). Al [with rejection]

H
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Prelimmnary Examimation 20135 Solution Level: SecdE

Additional Mathematics Paper 1 (80 marks)

(1 | sin(4+8)=0

sin Acos B +cosAsmB=0 M1: Addition
Formula

sirui[E ]+ cos A‘[]—]= 0
4 4 M1: Find cos B

JI5sinA4cosA=0
xflisin A=-cos A
sind 1

cusd_ J15
I

lnd=-—
V15

2 _2x+16
dy _ E[x-—I]IE}— (2x+16)1)
dx (x -1y

2x—2-2x-16

(-1)

_hl:.r—ld}‘: M]
o 2
dt dt
di  dx dt
Lyl _dy i

At dy  dt

Al

L8 Ml

x=4 or -2 (N.A) M1
When x =4,

2(4)+16
y=

4-1
noy=8

Al

fPH
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Preliminary Examination 2015 Solution

et = .
(x+2)x*+4) (x+2) (x'+4)
x+l=A(x* +4)+(Bx+ Chx +2)

Level: SecdE

Ml
Sub x=-2: —2+1= Al(-2) +4]
—-1=84 j
A=-1
8 M2.
Comparing coefficients of x': 0= A4+ B
=1 | Any 2 correct
8 | mark
Sub x=0:1=44+2C
2C=1—4[-1)
8
c=2 d
4
1 +?r
x4+1 = | +gx 4
(X420 +4) B(x+2) (x" +4)
—._- ¥0_J] W1
B(x*+4) B(x+2)
4 | kelx+3)=x—k -
ke 43k -1 +k=0 M1
{3.&"1]2_4(5.'1#}}{} M]:b:_4ﬂﬂ}{]
9k* —6k +1-4k* >0
sk —6k+1>0 M1: Factonse
S5k=1Rk-=1)>0
k=11 N
k<— or k>1
3
4 MI: & -4ac<0

(3k=1) —a(k )k)<0

(Sk-1fk-1)<0

l{kql
5

Al
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Preliminary Examination 2015 Solution

(5 (LRGN

2 k=0
3

n=73k
o) Ak T )
18 3 3

Sub (1) mto (2):

3k(3k-1) 3%° 7
18 3 3

Ok —3k—18k* +42=0

~0k? -3k +42=0

3k +k-14=0

(3k+7Xk-2)=0

k=~21 or k=2
3

Sub k=—2—] mto (1) n=3-[~-21]
3 3

Sub k=2 im0 (1): n=3(2)

=6 k=12

n=-7 (N.A) .. Reject k= —2%

Level: SecdE

M1

MI

M1

M1

M

Al

f18

D\ Licit H
VIOIt .
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Preliminary Exammation 2013 Solution Level: Sec4E

I+ 2sinxcosx M1: Factorise
- (cosx—sin xlcusx +sin :r)
=i 2 — numerator
5in” x+cos’ ¥+ 2smaxcosx
{cnsx—sinx){cusx+ sin Jc) .
= : = M1: Factorise
({:nsx+ sim x}z
) _{ms P x} denominator
(cos x+sin x)
cosx s_ip_f
_ COSX  COSX
cosx | sin x
COST COSX Al: Divide by
l—-tanx
= cosx
1+tanx
= RHS (shown)
61 | cos’x—sin’x 2
————————=—lanx
1+ 2sinxcosx 3
l-tanx 2tanx
I+1tanx 3
3-3tanx=2tanx+2tan’ x
2tan” x+Stanx-3=10
(2tan x=1)tanx+3)=0 M1
tanx = 1
2
Basic £ = 26.565
= "_! . h
x=26.565,180+26.565 M1 Find basic
OR. angle (both
lan.y = -3 correct)
Basic £ =71.565
x=180-71.565,360-71.565
Sox=26.6°108.4° 206.6°, 288.4°
- Al
7 | f'(x)=sin2x+cos3x
1(x)= [(sin2x+cos3x) dx
T, Ty e a
2 3
f 2 ]: - I—cns![ir] + -I-:-:in_’{-ﬂ]+c
L6 2 6) 3 6
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Preliminary Examination 2015 Solution

Level:

Sec 4E

8

Bii |

P Mi
If1 | 2
——| = |+={1)+c=D
2(2) W+
1
e M1
12
f{x}ﬂ—lc0521+isin3x—-§-
E 2 3 12
£"(x)=2cos2x - 3sin3x M1
f*{x}+9}‘[1):zcosh—35in3x+9[—lcnslx-i-isinlt—i
2 3 12
; 9 ; 3
=32!:.1;!52.:r~-3:»‘.1n3:Jc—5v.'.*-::-s2.~-nr+3:-m:3jt~-E M1
3 5
=-———coslx (shown
4 2 en Gl
_}'zlﬂ‘_m o B
lg v =k —nx)lgl0
lgy=—nx+k
_2-(7) Mi
1-4
=-3
~n==3
n=3 Al
At (1.2), 2=(=3)1)+¢ 1
c=5
LiE=S Al
-vzlni-]-'r —"'""{I] T
y=10" - (2)
Sub (1) into (2): 105" = 10" Mi
¥x=5-3x
dx=35
Jt:]l
4
| i!
Sub x=1-mo(2);, y=10"*
4 M1
y=17.783
lgy =1g17.783
=1.25
~. Coordinates are (1.25.1.25) Al

Need a home tutor? Visit smiletutor.sg
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Preliminary Examination 2015 Solution Level: SecdE

| Qu|’ FIRENE
9% | y=xhnix
s =x[l]+{lnﬂxll}
dx x M1
=1+In3x
At P(1,1n3), ﬂ=|+|n3{1]
dx
=1+1n3 |
At P(1,In3), y=In3=(1+1In3)x~1) M
y={1+In3)}x-1
When y=0, (1+In3)x=1
|
X = —
(1+1n3)
*x=0477 M1
Coordinates of Q are (0.477,0)
In3-0
tané = -
1-0.477 i
=2.0986
6 = 64.5° Al
o
" | Gradient of normal = - I
1+In3x
|
= =
1+In3x al
l4In3x= A
2
In3x= 4
2
_I
Ix=e? Mi
l _
r=—¢'
3
=0.202 Al
10i | [x+(2x2)]x [y + (1.5% 2)]= 825 M
(x+4)v+3)=825
x+4
. I M
S ox+4
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Preliminary Examination 2015 Solution Level: SecdE

- _ olution - . e
A_(1+4_‘3](x) Al
q
A= Ez“t-—lt (sRown)
x+4

10 | dd _ (x+4)825)-(825x)1) i

i dx (x+ 4)2 Mi
3300
i
3300
Gaaf o0 M
(x+4F =1100 M
x+4= iv'r]_]{'iﬁ
x=292 or -37.2 (NA) Al

101 a4 _-2(3300)
m ﬂl_'!l'z (.T+4)!

When x=292,
d’A_ -6600
dc'  (292+4)
=—{).181 Bl: Show
. d4 , d’A
Since —'; < 0, this value of x gives the poster the largest ey <0

X
printing area possible.

1hi y (2,12)
! Bl: V-shape graph
(-1,9) Bl: Correct x- and
¥~ intercepts and

end-points labelled

L
=

11 Ild.‘r—a‘ll =13x
2/7x—2{=3x

| 1

Tx—2|=

— X

]

MI

_!?O
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Preliminary Examination 2015 Solution Level: SecdE

11 | 1 intersection; B1
iia | Line paralle] 1o L.H. arm cuts R.H. arm at only one point. Bl
11 | 0 intersection; o Bl
itib | Line parallel to R.H. arm; for intersection, ¢ > -2 Bl
121 | m = mge
- fy
PRl M
x=5 =2
y==3x+15 (1)
1
My =
Moc
s 1 1
x+2 3
1 2 .
=—x+6— -—-(2)
¥ 3 X :a} {
Sub (1) into (2): —31+I5=%x+6% MI
3-1- x= El
3 3
1
A= 25 M'l
1. |
Sub x=2—mto (1) vy= —3(2—]+]5
2 | Y
V= F-"l
2
. -
Coordmnates of B are | 2 5 7; Al
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Preliminary Examination 2015 Solution Level: Sec 4E

12 _ 0+(-2) 0+6
i | Midpoint of GC:( { ), 5 ] M
=(-1.3)
Gradient of perpendicular bisector of OC = —{—13}
!
3
At (-1, 3), _v-3=%(x+l}
| 1
y=—x+3- Al
T3 3
274 5 x 2 o_ . ‘
Wl2lb o v 6 o Mi
5y +6x-(-2y)=30
[7y+6x]=30
Ty +6x =30 (1) or  Ty+6x=-30 —(2)
3y =x4+10 - (3)
From(3) x=3y-10 —-(4)
Sub {(4) mto (1)
| 7v+6(3y-10)=30 Ty+6(3¥-10)=-30 | MI
25y =90 25y =30
y=36 y=12
Sub ¥ = 3.6 mnto (4): Sub y=1.2 o (4):
r=3(36)-10 x=3(12)-10
x=08 x=-64 [NA]
Possible coordinates of E are (0.8,3.6) Al [with rejection]
Ll .
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ +hx+c=0,

-bt x‘rbl —4dac
X= .
2a

Rinomial Theorem

. n! nln=1)....n=r+1)
where n 1s a positive integer and = = —t
r {n ~r)r!

2. TRIGONOMETRY

Identities
sin® A+cos’ A=1
sec’ A=1+tan’ A
cosec’A=1+cot’ 4
sin(4 + B)=sin Acos B+ cos Asin B
cos(A+ B)= cos Acos B ¥ sin Asin B

tan A+tan B
tan(A+ B)= —inmL
| Ftan Atan B
sin24=2sinAcos 4
cos24=cos’ A—sin’ A=2cos’ A-1=1-2sin" 4
21an A
tan24=— -?—n,—
|—tan- A
Formulae for AABC
a f c

sind sin_ﬂ " sinC
a’ =b' +¢’'-2bccos A

o (e
A= zbcsmzi
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1

3
Answer all the questions.

Section A (59 marks)

The diagram shows trnangles ABC and BCD whose vertices lie on the circumference of a
circle. The chords BD and AC intersect at £ and AC 1s parallel to FG. FG 1s a tangent to the

circle at B.
D
A E - C
F ' G
Show that
(i) ABCD is similar to ABEC, (2]
(i) BC’ =BDxBE, 1
(iii)  AABC is anisosceles tnangle. [2]

A company buys an engine at a cost of $120 000. The value of the engine decreases with time
so that its value, $V, after 1 months is given by

V =120 000e ™™,
where k£ is a positive constant. The value of the engine 1s expected to be §75 000 after 30
months.

(i) Calculate the value, to the nearest $100, of the engine after 20 months. [4]

It 15 only economical to replace the engine after its value reaches = of 1ts original value.

" A

(i)  Determine, with working, whether it is economical to replace the engine afier 40

months. (2]

(a)  An equilateral tnangle has sides {3 + -Jr’i'} cm n length. Find, without using a
calculator, the area of the equilateral tnangle. 3]
{(h) A cubord of volume (3'!} + IE\.f'.'_i} em” has a base area of (4 - _-ﬁ] em®. Find, without
using a calculator, the height of the cuboid. [3]

3
Need a home tutor? Visit gmiletutor.sg



. 1 1
(a) Solve the equation log,(2x—1)- 3 log,(x" +2)=log,. 3. [5]

(b)  Evaluate log, 32xlog, p. [3]

It is given that f(x)= 23 vax’ +x+b.

-

(i) 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]

(iii)  Hence solve : L8 L x+b=0. [2]
a” 4 2

A curve has the equation y=(2x + 2W2x -1,

d fx
(i) Show that - —_ where k is a constant and state the value of £. [4]
dr  2x-1

13

3x

(ii) Hence evaluate j dr. (4]

5 2.J2x—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 expenment is modelled by the equation, / = acoski +16, where a, k are conslants,

and ¢ is the time in seconds after releasing the weight from the lowest position.

e
.

20 cm

Highes! position

Lowest position

The length of the spring is 20 cm when the weight is at its lowest position and 11 takes 2
seconds for the weight to move from the lowest to highest position.

(i) Find the value of a. [

(ii) shaw that the-valse of & i Need a home tutor? Visit smiletutor.sgz]

]



(ifi)  Find the length of the spring when the weight is at its highest position. (1]

(iv)  Sketch the graph of | =acoskt +16 for 0=r<4. [2]

(v)  Find the time interval which the length of the spring will be longer than 18 em for
D=r=4. 3]

8 (a)  The equation of a curve is y=x" +4x° +kx+3, where k is a constant. Find the set of
values of k for which the curve is always an increasing function. [4]

. . X b .
(b) A curve with equation in the form y =ax+— has a stationary point at (3, 4), where
<
a and b are constants. Find the value of g and of b. [5]

Section B (41 marks)

Begin this section on a fresh sheet of paper.

9 The equation 3x” +kx+3=0, where k>0 has roots @ and f. A second equation

3x° —2x+3=0 hasroots &' f and aff’

5
(i) Show that a” + 8 = '; [3]
(ii) Find the value of & . (3]
(iii)  Form an equation whose roots are ¢ and f°. 3]
10 The diagram shows part of the curve y = 2sin(2x + x) — 1, meeting the x-axis at the points 4
and B,
5
A
X
(i) Find the x-coordinate of 4 and of B [4]

{ii) Find the total area of the shaded regions. Need a home tutor?;\giq_il smiletutorlsg



11

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, @ ms~, of the particle, ¢ s after passing O, is given by a =—4e™ .

) 3 1
(i) Show that the particle comes instantaneously to rest when ¢ = _IHE . [4]
(i))  Find the total distance travelled by the particle between t =0 and 1 =2 . [6]
(iti)  Find the average velocity of the particle duning the first 2 seconds. [1]

A circle, C, passing through the point 4 (4, 8) has the same centre as another circle C;. The
equation of Cs is given by x’ + y* —16x—-10y +5=0.

(i) Find the equation of C. [3]
AR 15 a diameter of C).
(i)  Find the coordinates of B. [2]

(iii)  Show that the equation of the tangent to C; at B1s 3y =4x—42. [3]

The lowest point on the circle C; 15 2

(iv)  Explain why the x-axis 15 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
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Mid-Y ear Examination 2015 Selution Level: Sec4E

Additional Mathematics Paper 2 (100 marks)

2i V'=87700
20 F=64124.098 "
It is not economical 1o replace the engine after 40 months as
the value of the engine has not reached half its original value
of $120000 B
3 ’ :
? Area of equilateral tnangle= %(Evﬁ +3J21 ) cm’
35| Height of cuboid=48+27/3 cm
da x=5or x=-1 (rej)
4b 2
log,32xlog, p= !i
5 =-2
a=5
5
? x=lnr x==1or x=-2
o 2
 Siii x=lorx=-2 or x=-4
6 | k=6 o
6ii i3
[ dx=26
3 22x-1
i a=4 2
T = ;r
2
| i Length of string = 12 cm
EL l/em
207
AN
 br || ..~
' > t/5
O 2 4
7v 5 2 ]
Time imterval =0<t <= or 3-<r<4
303 B
Need-a-home-tutor?-Visit smiletutor.sg
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Mid-Y ear Examination 2015 Selution Level: Sec4dE

. a’ + .t
3
o 4.f6
k=--4—;E (N.AL) or VD
il 2.J6
Equation; x° - -——i x+1=0
I lix

x coordinate of 4 = .:—; ,xcoordinate of B = F

i

101 Shaded area=4.38 unit’
11 |
t=-In-
- 2
111 Total distance travelled=1.7Tm

11111 | Average velocity = —0.271 m/s

121 Equation: (x -8y +(» -5 =25
12ii | Coordinates of B = (12, 2)
2y _ 80
Equation of tangent: y = T x
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Mid-Year Examination 2015 Solwiion Level:  Sec 4F

Additional Mathematics Paper 2 (100 marks)

i | ZBDC= ZCBG {alleatc t::rrem}
£ZBCE = ZCBG (alternate angles, AC/FG) .
£ZBDC = ZBCE MI
£ZCBD = ZEBC (common angle)
Since the corresponding angles of the triangles are equal,
ABCD is similar to ABEC Al
Tii Since ABCD is similar to ABEC
BC_BE Bl
BD  BC
BC' = BDx BE
Ll ZBDC = ZBCE (from (1)) LCBG = ZACB (alt £)
£BDC = ZBAC (£ insame seg) or ZCBG = ZBAC (alt seg) | M1
ZBCE = ZBAC LACB = ZBAC Al
AABC is an isosceles triangle. AABC 15 150sceles.
2i 75000 =120 000e™* Mi
lné =30k
8
=——|n— MI
30 8
After 20 months
—[- : h-’}:m
V=120000e * * * Ml
= §7720.53215
- = 87700 Al
zi] Bl ||:|-" Al
¥ =120 1’.i':]'ﬂ'e*-rl . "'} M1
= 64124 DUy
It 1s not economical 1o 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 mangle
| "
=§[3+J?)JS]TI6'U MI
= 2fo+6vT+7) 2
2 2 M1
] =
- Z(usﬁ +6v21)
= %(Ew.ﬁ +3+/2 1) em” Al

186
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Mid-Y ear Examination 2015 Solution

| Height of cuboid

Level: Sec4E

3041243 o
4-23
3041243 44243
4-23 44243
_120+1083 4+ 72 Mi
16—12
=48+27Y3 om Al
fis ]ng;{h—l}—%lnglif +2)=log,, 5
Iugj{lxul}—%]ﬂgll,x’ +2]I:l2 M1
2log, (2x—1)-log,(x* +2)=1
Ing,{lx-l): —1t:tg,,{.1|r2 +2)=1
(2x-1)’ M1
LA 1
%5 +2)
i
(x-1 _, M
(x"+2)
4x' —dx+1=3x"+6
' —4x-5=0
(x+1)(x=5)=0 M
- x=5or x=-1 (rej) Al
4b log  32xlog, p
|  log,32 . log, p
log, p log,8 M1
_log, 2’
" log, 2° M1
2 ok Al
33 B
5i 23! 4 x=1=2x=1)x+1)
(2x~1) and (x+1) are factors
r[‘-]:n
2,
1Y (1Y (1]
2( J+u[-]+[ ]+b:n M1
2) \2
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Mid-Y¥ ear Examination 2015 Solution

Level:  Sec 4E

= B0
4 2
a+d4b=-3 —-—(1)
f(-1)=0 *
2=1) +al-1F +(-1)+b=0 Mi
-2+a-1+b=0
a+bh=3 ---(2)
(1)-(2). 3b=-6 MI
b=-2
a=5 Al
Sii f{x)=0
2x' +5x° +x-2=0
(25 +x=1)x+2)=0 Mi
(2x=1)x+1Yx+2)=0
x=l or x=-=] or x=-2 Al
e o203 sipo
4" 4 2
Let x=2y
L) +2F 41 2y)+b=0 "
RS G &
2y’ +ay’ +y+b
From (i1), yzé or y=—lor y==2
5 x=lorx=-2or x=-4 o Al
1 d_}-’_ Y " 1 : !
3= @) S2x-1) @) [+x-1) @) M1
= (2x-1) {2x+2)+ 2025 -1)] Mi
={E:r—1.]-:iﬁ1}
.2
J2x-1 Al
k=% Al

ot
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Mid-Y ear Examination 2015 Solution Level: Sec4E

[[2x+2}-f L o

1]"" 2 dx= ][[2::+2}\|"2x il MI
J2x-1
[*— 2 ar=|esas—240) M
» 242x-1] 4 Al
=26
T 20=acosk(N+16
a=4 Bl
i M1
n 2_;{ _4
k
k=2 IN
2 —
7iii Length of string =20-8= 12 cm = Bl
Tiv Il em B] — correct shape
B1 - correct values
2{]!'&
(G - . s Kol
12 }-
. T
o 2 4
=~ B
Acos— 1 +16=18
2
r 1
COS—1=—
2" 2
5ol
Basic angle = cos E M1
L.
2 3
a2 5l Al
3 3
Al

2 |
Time imerval =0 <1 < 3 or 3.‘1 <t<4
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Mid-Year Examination 2015 Solution

Level: SecdE

dy .
; ; . dy
For curve to be always increasing, i always > 0 M1
b’ —dac <0
64— 4(3)(k) <0 M1
I
k>5—
3 Al
% 1d_ 2
d.l'_ x? MI
At stat. pt F oo
a—£=ﬂ
.
Sub x=3, y=4
.
3 M1
2b
a=— ---{1
27 )
Sub x =3, y=4 10 equation of curve
4:a{3)+£2
3 M1
36=2T7a+b (1)
Sub (1) 1o (2):
36=2b+0b M1
b=12
oo A
| | " 27 9 ) Al
9N | af =1
o gl i 2 M1 — either one
a f+afi” = 5 correct
apla? +,{3"]=§ M1
: . .
Wa® + B )==
()=
nf’+.-’f“='—§ M

188
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Mid-¥ ear Examimation 2015 Selution

0

@B = 1208

Level: SecdE

=3+2{1} M
3
_8
3
B
{a'l'ﬁ)l:i M1
+ﬁ—2£ 0 _ﬁ
3 3
k26 26
2 3 3
k=M oy 406 Al
3 3
Sii | SOR=a'+f
=(a+ ple’ ~app+ )
(26 ) -
o3 A3
_26
9
POR=a'f’
=(ap)
=0 =1 i M
g ¥ 2"0,'|Iﬁ n
Equation: x* = ——x+1=0 A
100 | 2sin(2x+7)=-1=0 M1
, B
si{2x+7)= 5
r_:r:sin"! =X M1
2 6
b g xr s
x+g=—, 7——, +2x, wm-—+2=n
NS 6 Y MI
_ a7 TJa
T 12 12 on
i . . 11
xveoordinate of 4 = T: v coordinate of B = = Al
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Wlid-Y ear Lxamination 200 5 Solation

| "‘:hﬂﬂﬂdlmll

i

Level: SecdE

Iiur
~ | 151.|1{1;:+:r]|—l de+ |2 2sm(2x+a)=1dx M2 — 1 for Limits, |
E lor expressions
(RES
- costzre m-alp +[-cos@re m—sl3 it iy
1 M1 =1imes 12
=-[-2.60862-1]+ |- 201377~ (-2 69852)] M1
=4.38 unit’ ) Al -
v —de™ dr
=4e™ +¢ | M1
Wheni=0,v=2
2=4e" 1
¢==2 MI
vade' =3
Al mstantaneous rest, v = ()
LRk MI
L.
z
1=~In Al
5= [de” - 2ds
| §==4¢" =+ Y
| Wheni=0,5=10
| 0= -4¢" - 2{0) 4 c M
I c=4
de™' -2 +4
Distance ravelled before instamaneous rest '
I'| !
4e [ ]nEJ+-I =
=0.61371
Distance from mstantancous rest o 2s
= 0.61371-(- 46 - 2(2)+4) - |
= 0.61371—(~0.54134) '
=]. 15505
Total distance travelled
= (161371 +1.15505 = 1 77m Al
".'.-'r:ragr.: '-;Elnclw
-—_Uﬁf!-'q:-{ll?!m-s A
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Mid-¥ ear Examination 2015 Solution Level: SecdE

12 Ccmmufcf—r:muenrf.?—(a,ﬁ) ) TS
Radius nfC,:vl[[ﬂ_q} +(5-8)" =5 i
Equation: (x—8)° +(y—5)" =25 Al
121 Coordinates of B :[E+4,5—3} Mi
=(12,2) Al
12m Gradient of normal alB=£:—-E Mi
B—12 4

Gradient of tangent = —

Equation:
y—lzg{x—lﬂ M1
4
y= EI— 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
i : Bl
D. Thus x-axis is a tangent to the circle at D
12v 5
tané = —
8
{3)
wigg=-2u08 —S\8/ M1
l—tan® & [5]
8
_ 80
39
0 Al
Equation of tangent: y=—x

39 |
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TANJONG KATONG SECONDARY SCHOOL
Preliminary Examination 1 2016

Secondary 4
CANDIDATE
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CLASS INDEX NUMBER
ADDITIONAL MATHEMATICS 4047/01
Paper 1 Tues 30 June 2015

2 hours
Addltional Malerials: Wriling Paper

READ THESE INSTRUCTIONS FIRST

Wrile your name, class and index number on the work you hand In,
Wile in dark blue or black pen.

You may use an HE pandll for any dlagrams or graphs.

Do not use staples, paper clips, highlighters, glue or correction fluid,

Answer all the guesiions.,

Write your answers on the wriling paper providad,

Give non-exact numerical answers correct 1o 3 significant figures, or 1 decimal In the case of engles in
degres, unleas a differant level of accuracy s specified In the quastion,

The use of a scientific caleulalor s expected, where appropriata.

You are reminded of the need for clear presentation In your answers,

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 queslion or parl question,

.The lotal number of matks for lhis paper is 80,
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Muihematical Formulae

1. ALGEBRA .
Quadratic Equation

For the equation ax® + bx + ¢ = 0,

s ~b2Alb’ —dac
R,

Binomial Theorem

(a+b}"=u"+[':]d"*b+[;) a""b‘-fr...+(”)u""b‘+.,.+b".

P

n _ nn=D..(n=r+l)
{n—=r)irl rl

where 1 is a positive integer and ("] =
r

2. TRIGONOMETRY
Teentilies

siff A+cosf A=
sec A=1+tan* 4
cosec’ A=1+col® A
sin (4 % B)=sin A cos B+ cos A sin 8
cos (A% B)=cos A cos B+ sinAsin B
tan A& tan 5
l¥tan Atan B
sin24d=2sinAcos A
cos24 =cos’ A —sin A=2c08' A~ 1 =1 -2sin* 4

an 24 = '.".lan:f
|=tan® 4

tan (4 = B) =

Formulae for AABC
a,_ b __f
sind sinB sinC

at = b+~ 2becos A

| \
A= —besind
zcm

Need a home tutor? Visit smlle&}tor.sg
4047110 ckPrelims 1'15



3

Find the range of values of & where k = 0 if the roots for the equation
Joo* 4 (k= 2)x + 4k =0 arereal,

(4]
|
A particle moves along the curve y=6+ L, such that the y-coardinate of the particle
X
is decreasing at a constant rate of 0.04 units per second.
Find the rate of change of the x-coordinate when x = 2, (4]
Given thal rl [j'(x] = Ihx = §, evaluate
]
M [ /tadx, [2)
- 3 -1
i [+~ [T1/G)+ 1)dx. (2)
(i)  Write down the first three terms in the expansion, in descending powers of x,
1
of (Zx . l] : (3]
3x
"
(i) Hence find the coefficient of x* in the expansion of {x‘ + IIQI-L) : [2]
X
Given that the roots of 2x* +3x~6=0 are 2a+ § and 2/ +a, find 8 quadratic
equation whose roots are @ and f. [6]
[Turn over

40ATII/SeeAPratims 115 g4 |
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A bowl of hot soup was left to cool such that t minutes later, its temperature, H°C,
is given by H =25+ 70e™"", where k is a constant.

When r= 2, the temperature of the soup is 80°C. -

(i)  Show that k = 0,120, [2]
(if) Find the time taken for the soup to reach 40°C. [(2)
(iii) Explain why the temperature of the soup reaches 25°C after a long time, M
(iv) Skeu:i-. the graph of H against 1. (2]
(8) If &®*b" =a""b", prove that (2+ x)lgo=xlgh. [3]
(b) Solve (2log,x + S)log,x =3, [4)

The diagram shows part of the curve y = Inx and a tangent to the curve at x = k
which also passes through the point (0, =1).

M
/ y=lnx
) X
(i)  Find the equation of the tangent. (5]

(i)  Write down an inequality for m if the line y = mx ~ | where m >0
(a) intersects the curve exactly 2 times, (1]

(b) does not meet the curve, [1]

A0S TNISecAPrafima 1"15
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Q
Y

The diagram shows points A4, P, 8 and @ lying on a circle with diameter 4B,
The tangent to the circle at 8 meets AP produced at X and AQ produced at ),

(i) Prove that triangle APD is similar to triangle ABX.
Hence express AB? in terms of AP and ALY,

(Il) Express AB? interms of AP and PB.

(ifi) Using your answers in (i) and (ii), show that PB* = AP x PX,

¥ 4

Q

The diagram shows part of the curve y = x’. Points P and R lie on the x-axis.
The line QR intersects the curve at 0(2, 8). QP is perpendiculor 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,

(i) Find the coordinates of R.

(iii) Determine whether OR is the normal to the curve at Q.

[4]
(1)
(2]

(3]
(3]
(4]

[Turn over
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6

The tidal height, y metres; st 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 k is & constant.
The time between the first high tide and the next high tide is 14 hours,
()  Show that k -’—;-.
(i) Find the minimum'tidal height for that day and the time it first occured.

(il) For how long between the first high tide and the next high tide was the tidal
height at most 1 m high?

3
dx’ +3x" - 8x l=m+b+ x+c

Given that 1
P 4x-2 P rx-2

(i) find the value of each of the integers a, b and ¢.
Hence, using partial fractions and the values of a, b and ¢ oblained in part (i), find

4x" +32? —8x -1

L s

dr.

End of paper

(1]
(3]

[3)

[4]

(6]
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g 8 "
: ——gsks— k=0
I 35 s s =

2, 0,16 units/'s
G 4 (ine

i) IZSX"“‘}.—I +—X +onen (i) =224

1 7
s, 2 L -—={)
X +1x =

6.(i)) 12.8min  (iv)

L

|
1.06) x=—or 3
() x=g70

8() y=x-1 (ii)a) 0<m<l (b)ym>1
9() AB'=APx AX

10.()) 4units’ (i) (4.5, 0) (iii) QR is not the normal to the curve at Q.
11.({) 0.2 mat 7 am (iii) 5.03 h . ;
.'l.'-] @ 3
-1 4 ————e 28 = x4+ =In{x+ 2)==In{x-1)+¢
12.() 4x ]+[x+2}[x—1} (iD) x+3n(x ) 3 (x—1)
Q4TS pcAPralims 1°15 i 133
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'-".?1' -— — ?:Hll r-l-#: Al Ly m i) P =rn ' " > s 3 e
ot i oy By Lr-i Aiaats o E:';-' Yot bissa Ef":?i Wi E:: i:: ::‘:b:
2015 Sec 4 Prelim | Add Maths P1 N I
Mo. Solution Remarks
1 (k-2 - 4(k)(4k) 2 0 M1 Correét sub for
k2 ad i discriminant
(k=2+4k)k—-2-4k)20 Bl D3>0
- (5k=2)(-3k-2)20
(Sk-2)(3x+2)50 Ml  Factorise
—%Skﬁ%.kﬂﬂ Al
v Total | 4 m
2 _i‘}'_q_l M1
dae  x*
Alx=2, Ez: .‘E'Z.xﬂ
di dt
' M|  Eqn with sub
_{]‘[}4="i”£ "-tl"
27 dt Bl ~==-004
& 0,16 i
d Al
Rate of changs of x = (.16 units/s
3 Total |d m
M1  For splinting
j: Syde= [ fx)+ e [ 1y
=3"'['Y}::
=4 Al
3(it) ] : M1 Change signs &
| [/ +1des [ rx)+ s limits
|=[ S+ 1de
-f Al
Total |4 m
y s 7 1 7 1y
a(i) (ix—v—-} =(2x)" + 1:"[-— + e
) =@+ ) )2 &) s O L
- ua:"-%fﬁ?xu_m... B2 Expansion
- 1 mark for each
erTor
4(ii
5 {x’+2{123x’-%§x’+2jﬁ:’ +]
448) 224
coeff =2 =— |+ — M1
7 3 J k!
=224 Al
Tatal | Sm

-

Need a home tutor? Visit smiletutor.sg



L T B - T S T oo TR -1 B e s ot SRS o A S S
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2015 Sec 4 Prelim | Add Maths P1
[ No. Solution Remnarks
4 1a+,ﬂ+2ﬂ+a--—% Ml Findsum-=—%
a+,&=-l -
2 Bl
(2a+ p)2f +a)=-3
! ! i
daf +20° +2a" +aff =-1 M1 Find prod=
saf + (e + B) ~2a8)=-2 a
1
aff ==3 _1[....12-.] M1 Using (= + 8)
7 Bl
aﬂ---i
.Il'!'lx-—:lﬁ .Iﬁl.lvp. [ u
. must =
Equationis 2 2
Total Gm
6(i) 80=25+70e" M1 Sub¢=2, H=80
=1k 55_5_
T
55 M1 Take In both
~2k= ln"ﬁ sides & rcsult
k=0.1206
6(i) | 40=25+70e %%
!-mm.-=_1£
70
SRl M1 Using In on both
=0.1208t=In 0 wider
1=12.8min Al or 12 min 46 sec
6(iil) | Asrbecomes very large, 70e™" approaches zero, Bi
So the lemperature reaches 25°C after a long time,
6w | ma Q1 sha
pe
035
Gl 95,25 seen
e AP AR e PN
> |
Total| Tm
Ak
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7(3) 2 T = b e B M1 Group/Rearrange
gt g pheie M1 Indices or log law
(4 +2x)lga=2xlgbh B1 Taking 1g on both
(2+x)lga=x1gb sides and result
7(b) 20’ +5a~-3=0 M1 By sub to get
Leta= logx (a+3)2a-1)=0 quad eqn
oy =1 BI
a==3eor a >
1
Iugj,'r =3 0or |ﬂg,.\’. EE
.t:-!-— or x=43 AL M
27
Total| Tm
8(i) &1 M1 Differentiate
| ode x
ay 1
=k Z=— yaink
AT
1
y=inks=~(x=k) M1 Find eqn atx=k
-1=~::-[D}—I+Ink M1 Using (0,-1)
Ink=0 Bl wvelveofk
k=1
Egnofigt: yex-] B}
8(i) (a)0<m=<1 Bl .f‘ accept
m <their grad
Bl \’pacupt
(b) > 1 m >their grad
* their grad must
be >0
Total | 7r

SH4E Spe d LAAd Mathe Pralime 1 P MS
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2015 Sec 4 Prelim | Add Maths Pl

No. Solution Remarks
9(i) ZPAB=£BAX (Common angle) Bl
ZAPB =90°  (Z in semi circle) Bl
ZABX =90°  @angent perpendicular to radius) Bl
So AAPB is simllar to AABX.
4B _ AX
AP AD
AB' = APx AX B1
o(ii) By Pythagoras Thm,
_AB’ = AP + PR’ Bl
9(iil) | AP*+ PB = APx AX M1 Equating ()
PB = APx AX — AP
PB' = AP(AX - AP) M1 Factorising seen
- PB' = AP x PX(shown) & result
Total Tm
100) | Shaded Area = [ P B)
= %ha]: s i l’:ll eorrect integration
10(i) | Areaof triangle PQR = 10 units’ Bl
1
2 ¥ PR=B8=10 M1 use
PR=12.5 grea/diseriminant mthd
R(4.5,0) Al
10(iii) | pradientof QR=-3.2 M1
Y
dx
X= 1.@- =12 Bl
dx
Since grad of normal = — é # gradient of OR, M1 grad of normal
So QR cannot be normal to curve al . Bl comect conclusion
Total | 10 m
45

18 Sen d Add Mathe Prallme 1B MS .
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2015 Sec 4 Prelim | Add Maths Pl
No. . Solution Remarks
i i
11{i) ;_£= 14 M
k
k=%{.rhawn}
11(ii) " M1 soi
m{—r}:—l
7
Minimal tidal height = 1.6 +1.4(-1}
=02m Bl
AL7 am Bl or 0700
M! Formegnée=1
Ll 1.5+1,4ms(1r)=1 “
7
m{%r] = -0,42857
Basic angle = 1.1279
%r:z.ma?. 4.2695
= Bt B1
1 =4.4868, 9.5132 N e i
Duration = 5.026 h Al
Total | 9 m
12(i)
x=3 M1 use long div .
qx-l+#{ T-D)
X=-
. A3 valve of a,b,c
12(iD) x=1 _ A N B M1 correct PF
{x+2}{x-l)-x+2 x-1
x=3=Alx-1)+B(x+12) M
2 - Al Both answers
X = LB U-'i'
5
ae) At
> 3
I-‘Ix-1+ -
Hx+2) 3x-1) M1 first 2 terms
2 e ) SCE
=?..x=-x+%lﬂ[x+2}—-3'~}n{x—l}+c 2y Bothin L..) et
[owuddx (=1 mark if dx
missing)
Total | 10m

- nm &
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Wirite In dark blue or black pan,

You may use an HB pencll for any dingrama or graphs,
Do nol use staples, paper clips, highlighters, giue or correction fluid.

Answer all the quaslions,

Wiite your answers on the writing paper provided,

Glve non-exac! numerical answaers comect to 3 significant figuras, or 1 decimal in the case of angles in
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Mathematical Formulae

I ALG EBRA
Quadratic Equation "
For the equation ax® + i s v i
sy —b b} - dac

2a

Binomial Thearem

(a+b) =d+ {’:}d"‘ b+ [:] d‘.'1b1+...+[:)d" B+, +b,

where n is a positive integer and oM A= Den-r )
CAr {rr A rl

2. TNGUHO METRY
Identities

~.gin® A+ms A=1
sec.lz!=l+tmd
msac’A-Hmt’d
sm{A&E}ﬂmnAmsBi:msds!nB
cns(A:i:B] cuuucusﬂ¥sindsln3
- tan A+ tan B
tm(A:k,?) IFtan Atan B
sin 24 = 2 sin A cos 4
0524 = cos’ A ~sin* A=2cos* A= 1= 1 —2sin? 4
2tan A
[—tan! A

fan24 =

Farmulae for A48BC
a __& _ ¢
sind sinB sinC

a' =4+ - 2bccos A

A= LiesinA
2

hs

404TRISOCABIOIMST'S
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(3+443)em
S C
7 O
} m
B
4 (7+243)em

The diagram shows a trapezium ABCD in which 4B = (7+2+/3 ) cm and
DC=( 3+ 443 ) cm. 4B and DC are perpendicular to C8, Given thet the area of the
trapezium is (14 + 2 ) em’, find the exact valve of CB in the form of (a + b3 ) em.

[4]
A function has an equation where
g W) ey
- x'_4
(i)  Obtain an expression for ['(x). (3]
(i)  Showing full working, determine whether [ is decreasing forx <4 -¢, 3]
(i)  Sketch the graph of y =[2x~1|-3. [2]
(i) Explain why the minimum value is = 3. (1]
(iil) A liney= 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. (1]

(i) Prove the identity 2cos2A+cos A+2 =col 4. (4]

25in 24 +sin A

. 2cosbr+cosix+
ii)  Hence, solve the equation - =5 forO<xsn. [4]
) = 3 2sinfx+sin3x
ADATI2SecAPrelms 118 [‘
[Tum ovar

ecﬂ
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It is given that sin A= -‘}—5-, wherh'rfi:ig ali*i:'u-!:.a;ﬁg]r.' Without using a calculator, [

@ . findtan 4. _?:_'E":" e “ 2
Given further that ten (4+5) = 2, whrm: B is nh acule angle,

()  find the exact value f;-El;:m 3 i ) [4)

1 1 y : i .

(i) ° Sketchthe grnph afy:lx' rx=>0. ]

i SHE oM S 2

(i)  On the same diagram, sk.:lc’ii.‘@]'u: graphof y= 3 ! forx> 0. [1]

(i)  Find the x-coordinate of the point'of intersection of your graphs. 2]

()  Differentiate xtan® x with fespectton. &)

L .ll_'r;". ": . "

(i) ~ Show that [“tan’ xdx =0.2146, - (4]

(lii)  Hengce, find L:: lun:snc_l x dﬂt

v [4]

Given that flx) = 22" + ax’+ bx — 3, where a nnd b are constants, has a factor of
x =13 and leaves a remeinder of - 20 uihcn dmdad byx+1,

find the value of @ and of b. ' . [51.
mr&ﬁ,ﬂﬁjhﬂsl
..... W [Turn ovar
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The points A(3, 0) and B(9, 6) li= on a circle C; such that the x-axis is a tangent 10 the
circle at A.

()  Find the equation of the perpendicular bisector of 4B. [4]
(i)  Hence, or otherwise, find centre of the circle Cy and the radius, (3]
(ili))  Show that the equation of the circle is x* 4 y* = fx = 12y + 9 =0, (2]

Another circle Cy is fommed alter circle C) is being reflected in the line x = B,
(iv)  Find the cenwre of circle Cy, [1]

(v} Explain why the point (12, 9) lies within circle G, [2)

@

The diagram consists of a parallelogram 4B8CD and a rectangle APQD.
It is given that CD = / m and that the angle CBF = 60° and angle CFA = 90°,
The rectangle has sides AP =xm and PQ =3z m.

The perimeter of the diagram is 10 m.

(i)  Express/in terms of x and show that the area of the diagram is

l
3 -243)x* + "f xm?. | (3l
i)  Given that x can vary, [ind the value of x for which the area has a stationary
value. {31
(lii}  Determine whether this value of area js 8 maximum or a8 minimum, [2]

404TI2MSecAPreims 'S
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1] Thr.vannblﬂxmdymmm:ﬁdbﬁrihecquatmny'm+—'!-'» where o and b aré'

constants. Experimental values ofx and y y were obtained, A gnph is drawn in which
xp was plotted against X*. The straight line which was obtained passed through
the points (1, 5) and (3, 11),

Find

() thevelueofaendofh, . .- [4)

(ii)  the coordinates of the pnini on the line at whichy =~ x + 2 = [4]
. x ¥

12 A particle travels in a straight line, so that { scconds after passing through a fixed point

0, its velocity, v ms, is given by v= { 2 :"2)1 -~ 2. The particle comes to instantancous
T .

rest at P. Find

)] the \;alue of 1 when the particle is at instantaneous rest, ' (3]
(i)  distance OP, _ (4]
(iif)  distance travelled for the first 8 seconds, 2]
(iv)  the acceleration of the pa;nicic:at (= 8 seconds, [3]
AT AT Le
' [Tum over
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-
C B
A playground is to be built in the shape of the figure shown in which ADCis 2 stmighl.
Hnt aigrn.ngl: EAB = angle DCB = angle EDC = 90°, The length of AEis T m and A is
18 m. The angle ABC is 6, where o 1: a<90°,
The perimeter of the playground is given by L m.
)] Show that L can be expressed as p + g cos8 + r sind , where p, g and rare
constants to be found, * 3
(i)  ExpressL in the form p+ Rcos(@~a), where R >0 and a is an acute angle.[4]
(i) Given L=51m, find 6. 12
(iv)  Find the maximum value of the perimeter and the corresponding value of 8. [3]
End of paper
1y-26+16y3
. 1=In(4=x)
1) [ S
P
3i)
Y M

\| /..
Née
0.5, -3)

3ii) Since
e-120,
[2x— | -3 23

ADATr2SecAPrelimst 15

,cﬁ Lo
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Min value is =3
Jild k=2
4ii) x=0.0658,1.11, 2.1

siylan A=~ ~ LA
Sii) tan B =

6i) y ,]

ow B

rd
ol =

y=2x

(i) y=

6ili) x = 8 : &

7i) tan ? v+ 2xtanxsect x BRI

Tii) 0.2146 AR LT

7iii) 0.285 . :
a=-3§ &

s} b-'? . .. ¢, 3 ,I ;' _:.::_

%) y=-x+9 M : 4 |

9if) Centre is (3,6) o P ALY ;

Radius=6 | H:. 1_"-“:;‘:-_' B

9v) (13,6) gt ek

9iv) Y10 < radius 6 b Bt

(12,9) lies within circle AN vy

10i) | =5~ 4x ed e

10ii) 2 = 0.879 e ,

2 ) ¥ -I :.- . I x 3
10iii) %: 6(1=23) <0 A
maximum
Iiya=3 k=2
7y
1hi) {(=,—
i} {1 2}

12i) 1 = 2,-6(ref) L
12 0P=4m

12iiiy H2m

12iv) o = =0,064 m/s’

13if) L =25+ 764 cos(8 - 66.25°)

1307} 84,17, 4847

13iv) 0 = 66,3°,426.3%(rej), Max =125 + J'M 523m

e R Salh. v

. ADATISecAPreims 115
[Tum over
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Marking Scheme 2015 Prelim Add Mathematies P2
No Solution Marka Remarks
Bl Correct eqn Use of
] 14+ 2= ~'—(1+2J§+3+4J§}c3 g uapadiiin s
J_ formula er
= 144243 . ; otherwise
M1 rationalise
+3]3 5-383
70— 4243 + mJ’ -6(3) M1 simplify surds | (iop und
= ottom)
25-9(3)
=~26+16+3 em Al
4 marks
i -1 M1 use of quatient
® (x-d}n—mw—x][l} rule
Fx)= - 4) B1 diff. In(4 - x) =i
correctly 4=
_1-In(4-x)
= —-.-.-—..—-' scen
(x~4) Al
i) | x<d-¢
M1 knowing lo show
x-4¢- .
e *(x) +ve and -ve
d-x>e
Infd=x}> Ine ;
In(4-x)>1 M1 manipulaie
I-In(d-x)<0
S S{x) <0 B1 correct
[ is decreasing conclusion including
stating () is +ve
6 marks
3(1)
S1 correct
¥ A shape/symmetrical
BI vertex and y-int
> x
-1\.\/
(0.5,-3)
3(ii) Since B1 with explanation
22 -1 20,
x-1-32-3
Min value is=3-
i) Gradientof RLH, arm =2 -
ka2 Al |
4 marks |

Page 1
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i

el be bt Faaed wrid vl o] v {Ih-‘-ll . ".‘I'l". L) Faea? e A | il |
Marking Scheme 2015 Prelim ﬁ:fd!ﬁflgthtmlucs r
. III'. I "1" rl "-'
No | Solution”’: .. " Marks Remarks
4(i) LHS o T
2(2cos~1) +cos A +2 % 2 B1 double angle for
FSn AL AITEN L Bl doubleangle for | -
_ Acos’ A+cosA sin 2A
sin A(4cos A +1) R
c0s &(4303 A‘i’]] ¢ M1 factorise both
= - - md"
sin A{decos A+ 1) Bl ——"=co1 4
sind |
=¢olA .
a(ii) cotdx =35 Bl
tan Jx =-1- M1 reciprocal of
5 coldx
1x=0.1974,3.339,6.481 ) :
x=0,0658,1.11,2.16 A2 - 3 correct Ans must
Al -2 correct be in rad
8 marks
5(i) | M1 use pyt thm to Must
tan A = 2 find length show
Al working
5(ii) tanA+tanf _ 5t .
- = use of tangent
l La.;'ndta.nﬂ formula SOI
—+lan 8
2=.2 ] M1 subst tand
|-—tan B
Z
2—-lar|ﬁ=%+tan3 M1 simplify
\ .
lanf==
. an y Al
6 marks
G(1)(ii) ' .
Bl With
lebel
Bl
Shape
must be
correct
Must
touch
origin
6(iii) N gj
il M) simplify indices
x'=6
x=6 Al must rej 3 (ﬁ

Page 2
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Marking Scheme

2015 Prellm Add Mathematics '2

M No Solution Marks Remarls
; 4 marks
y _ M1 use of pdt rule
() 4 tan?x=tan’ x4 x(2tan x)sec’ x "B1 diff. tan’x fan e s
dx ; 5 correctly seen
=tan” x+ 2xlan xsec” x B1 presentation d
Eg —
dx
s e - M1 use of identity -
o tan? xdx = [¥sec? x~ldx BI integrate sec’x
5 MI evaluate
- [i8nx o im:gr:;a.l{musl. show
Eu
= 0.2146 Bl presentation Eg [..ds
(0.214602)
(i : .
2 Etan’ x + 2xtan xsec’ xdx = [xtan’ x]; B1 work backwards | ECF
1Exlanxsn-:’ xdx = [xtan’ x]E-fiu.n‘xdr M1 make subject
. . M1 evaloele
=0.7854 - 0.2146 integral(don't need
) =0.5708 show subst)
E:mmc* xdx = 0.285
Al (min 3sf)
11 marks
8 J(3)=203) +9a+3b-3 B1 f(3) = 0 with
0=51+%a+3b subst
-17=3a+b....01
a+b....() BI f{~1)= =20 with
subsl
f(=N=-2+a-b-3
~W==5+a-b
- I-s =u_b-rr!-!--!u] MI- Sl}h"t E’Im
- Al Al
b=7
S marks

SrEn gt
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Marking Scheme iﬂlﬁ-Prﬂi.m ._x.dct Mathematics P2
No Solution Marks Remarks
o) Midpoint of AB = (6, 3) o
. Grad AB=1
M1 find grad. of
Grad of perpendicular bisector==1 perpendiculer
bisector
y=-dmeliz=t) M1 form eqn
y==x+9
Al o.e.
9(ii) Let centre be (3, k) Use
k==34+9 o M1 find y-coordof | gther
: centre mtd such
Centre is (3,6) : K ~ Al as
Radius = 6 Al distance
G(iil) (x=3) +(y- 6) =36 Bl seen ECF
— M1 expand and
Xy =fx=12y+9=0 simplify
a(iv) | (13,6) T Al
509 Let point (12.9) b M. Lel cenire of C3 b€ O,
= — o3 T ' L M| find distance
oM J[? 6 _+ 12=13) Bl comparison made
= J10 < radius 6 and conclusion sezn
(12,9) lies within circle
12 mn.i.rl.u
10(i) Sx+3x+2 =10 Al
[=5-4dx
Area=13x" + 3xsin 60°(5 - 4x) Mﬂ:afl‘;nld area of
am
1 3 1 3 S
=3z + 150 —=12x"— NG}
2 = Bl sin 60 = Tsecn
— 3{1-—2-1-3.]13 + lS?x
10(i M1 attempt to diff.
al ﬂ=6{!-1ﬁ}x+15£ -
fi: 2 0 . e,
dA 2 - :
Al stat value, S 0 | . B1 A _ A 'S
x=0.879 Yo L. dx
.'" .I' J"Ll
100 | 474 M1 know 2%
= =6(1-243) <0 derivative or sign
maximum fll
1 B marks

Paga 4
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El L
Marking Scheme 2015 Prelim Add Mathematics P2
No Solution Marks Remarks
] I(i} xy= axt +h Bl mﬂﬁ'ﬁﬂ!c into
grad =3 grad-intercept form
Xy=3 _4 M1 using correct
-1 subst
xy=3x'+2
a=3 b=2 AlLAI
1) | gp==x +4...0) M1 use similar eqn
xp=3x" +2..(2) M1 solve
ol simultaneous eqn
2
=l
¥y
1 7
= ALAI
Eiiz}
- 8 marks
i B
12(i) - 322}: I |
+
142 =24 M1 solve eqa
f=2,-6(re/) Al
12(ii) 32 32
‘T'I{,_,_I}:'M’“'m'z“" M1 integrate (ok if | Give
Aet=0,s5=0c=16 no + ¢} marks il
52 l use
JE————2416 2 delinite
pez Bl integral
H
Alr=2, L
ULk M1 [ind distance
(sub t=2)
Al
12(iii)) | ALr=38, MI () +2(4) seen
S=-3.2m
Distance=32+4+4=112m Al
12(iv) M1 Knowing to
a7 2y differentiate
| Bl acc expression L
Att=8, a=-0.064 m/s’ seen
Al
12 murhks

Need a home tutor? Viwiletutor.sg
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Marking Scheme ... 2015 Prelim Add Mg{hcmﬂics P2 :
Mo Solution . - : Marks Remarks
13(1) L=7+18+18cos@+7sin@+18sinf —7cosd
=25+11cos6+25sind ;- : B1,B1,Bl
13¢i0) tana:-zﬁ- ) I- Bl
a= 5‘525' . : Bl
R =746 ; B14/764 or 27.31
L =25+ 764 cos(f - 66.25°) ; seen
' Bl stalement

13Ciii) | When L=51m,

51=25+4746 cos(6 - 66.25%) . . If use
cos(@ - 66.25%) = 0.95193 R M1 solve 27.3, will
i et
= §4.1°0rd8.4° K- §=34.{}ﬂ
e, Al . .
B) [ Max=25+ J746=523m -~ . < | AL e
At max value, > AT . if
cos(6 - 66.25%) = | ) ,J g LR EID{CUS{.“}:GI seen ~gxtra
R . ; : or ... fns
6~ 66.25° = 0°, 360 Y st
0 = 66.3°,426.3°(rej) . - rad
o . Al y
12 marks

L3
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TEMASEK SECONDARY SCHOOL
- O Level Preliminary Examinations 2015

ADDITIONAL MATHEMATICS 4047101
Paper 1 2 hours

Question Booklet

~ Additional Materlal: Wiriling paper (8 sheets), Cover page (1 sheel)

READ THESE INSTRUCTIONS FIRST
Do not open tha booklet until you are asked to do so.
You are not reguired to submit this booklet at the end of the paper.

Write your class, Index number and name on all the work you hand in.
Write In dark blue or black pen on both sides of the paper.

You may use a soft pencll for any diagrams or graphs.

Do not use slaples, paper clips, highlighters, glue or comection fluid.

Answer all queslions.

Wirite your answers on the separate AnswerPaper provided,

Give non-exacl numerical answers comecl lo 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 scienlific calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.

Al the end of the examinallon, faslen all your work securely logether,

The number of marks Is given in brackets [ ] at the end of each question or part
queslion.

The tolal number of marks for Lhis paper is 80.
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This document consists of 7 prinled pages and 1 blank page.

Mathematical Formulae

1. ALGEBRA
Quadratic Equatlon

For the equation ax’ +bx+ =0,

_—bt ¥ -4ac
2a \

Binamial expansion

{31-{:]' = 3" +(f}a“ﬁ+{2]ﬂ"lbl +...+[n)aﬁb" SO Y,
r

d___mn=0).(na=r+l)
Aln=r)! I ’

; fin a
where 7 is a posilive integer and ( ]n
i

2. TRIGONOMETRY

sin A +cos’ 4=
sec’ A=1+1tan’ A
cosec’ A=1+col’® 4
sin(A + B) =sin Acos B £ cos Asin B
cos{A £ B) = cos Acos B¥Fsin Asin B

anAttan B
a(AL By= e

sin2Am= 2sin Acos A
c0s2A =cos” A—sin® A=2cos* A= =1-2sin’ A
2tan A
I=tan® A

Identitias

lan2 A=

Formulae for A ABC IS o
sinA sinf sin

a' =5+ =2becos A

=iabatnﬂ'
2

N pert of the paper 1s 1a be reproduced whihow the sppraval of ihe Prncipel o NERARDOMIG dutQr? Visit smiletutor.sg
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Answer all the questions,
(iy  Giventhat sin(A+ B) =sin(A— B) , show that tan A=21an 5. (2)

(i)  Hence solve the equation sin’(x+30°) =9sin’ (x-30°) for 0° < x <360°. [4]

(a)  The equation 2.7 ~2x+1=0has roots @and 3. Fin_r.l the quadratic

equation whose roots are %am-;—,. (5]

(b)  Theeguationofacurveis y=(3+mx -(B+4m)x+3+4m, where
m s a constant. For y=0, find the value of m for which

(i)  oneroot is the negalive of the other, (2]
(i)  oneroot is the reciprocal of the olher. (2}

L:rl
2{43: _znl
6' ‘Kst-h

a re integers, (3]

(a)  Simplify and express in the form of k(3)™, where kand

{(b)  Find the values of a and b such that IE{E]= alg (by)-4lg y forsll
Y

positive values of y. (3]

{c) Solve the equation 2log, & + I = log, (2 -3¢%). [5]

og, 5

Given that »* +2x~3is a factor of f{x), where f(x) = x' +6° +22¢ + by—3a,
find

(i) thevalues of sand A 4]
(iiy  the other quadratic factor of f{x), 3]
Explain why f{x) = 0 has only two real roots. 1]

20k
o pan of fne paper [t 1o be reproduced withaut the spproval of The Principalof Temesak Secondary School,

[Turn ovar
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5 The dingram shows a circle C, with centre(4,=6).
Acurve ¥ =x and the circle C, have the y-axis as the common tangent.

Both curves interscct at the point (4,-2).

y!\
=X
> x
: o
4,=1)
G
(i) ~ Wrile down the radius of circle C, and hence the equation of C,. [2)

(1)  Find the area bounded by the curve ' = x, the circle €, and the y-axis, [3)

(lliy A second circle, C, is the reflection of the circle, C, in the line y'= 2.
Wrile down the equation of the second circle, C, in the form

K+ +2gx42 fpecm0, [2]

(i A curve is such that %24-’”

oint (l l}
P2 )

() Find the equation of the curve. (3]

for x> 0ond the curve passes through the

l
(x+2)

(i}  Find the equation of the normal to the curve st the point where x= % (2]

Mo par of the paper i [o be reproduted withau tha '“”‘““Ngé" £ S‘rﬁﬁh'fosrgvgrtsghrﬁ?fetutor sg
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Liquid is poured inte & container at a rate of k m*/s. The volume of liquid in the
container is Vm® where Ve E}m&‘{ar — Kyand h m is the depth of the liquid in the

conlainer. Find, in terms of k, the rate of increase of the liquid lcvel when the

depth of the liquid is %m. (4]

1 '
Given that %}n-&y and y=acos® x + beos x where a end bare constants,

cosx=0, show that 3a+4b=0. p [6]

The curve l-i-z =lint:rm:u the line2x+ y+2 =0al the points A and &.
ry

Explain why 2 line joining points A and B is perpendicular lo the line
2y-x-6=0. (6]

On the same axes, skeich the graphs of

y=cosx+l and  y=|tani,
for 0° < x<360°. (4]
Hence, for 0° £ x5360°, state the value or range of values of & for which the

equation [tan 4| = cos x+ k has

(i) 2roots, (1)
(i) 3roats, {1
(ili) 4 roots. (1]

ook

Hao part af tha papar 18 (o be reproduced withaid the appraval of e Principal of Temasek Sacondary School.
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11 The diagram shows o irisngle AEG which intersects the circle at points 4, B, C

and G. Dis o point on ABE such that BD= BE. Shaw that .
()  trangle AEG is similer to inangle CEB, (2]
(Iy AGxBD=GExBC. (2]

o port of the paper Ix o be reproduced wihou ihe Ipp-mﬁ ol ihe Prnclpsl of Tamasek Eanqu:w Sdsml
eed a home tutor? Visit smiletutor.sg



d : " cosx
Llas G ; (2]
12 (a)  Show that d..!r( sin x) e

(1)

cos X .
The diagram shows part of the curve y= m The curve intersects the

I . .
x-axis at g— and ?'?and the y-axis at the point C.

$)] Find the coordinates of point C, in exact form. [

(i) Find the area of the shaded region bounded by the curve, the yaxis

and the x-axis. (4]

End of Paper

>0
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Spec 4E/SNA Prelim Exams 2015 AM PL

Marking Scheme

1 (1)

i Acos B+cos Asin B =3(sin Acos Bcos Asin B) E\
4 cos Asin B=25in Acos 1)

sin Acos B _ 5
cos Asin B

tan A=21an B
. (i)

(sin(x+30%)’ = (3sin{x—30%)’

sin(x+30%) = B3sin(x~ 30%)

sin( x+307) = 3sin(x—30%) or sin(x+30%) = ~3sin(x—30%)

tan x=2tan30° sin(30% 4+ x) = 15in(30° - x) M1
x =49.1% or 229.1° E 1an30° = 2anx

tany = tan30”

r=16,1° or 196.1°

pa part of e papsr Ie to ba repredused whihoul he approval of Ihe Princlp Secondany Scheol,
NEZgH hdime tutpry Misivemiletuliysg
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2 (2)

122 =2x+1=0
a+f=1 '

1 B1
ap =

.
sum of mnls—--+

g
A + )
(afy’
_ Ao+ )’ -af+ B
) (apy
_ Aa+ BY(a + )’ - 3af)
(afiy’

) llllillll = “2}
(

Ml

=-8 Al

LY
2)

2y 2
Prﬂ‘d'llﬂ of rools = (FIF)

el e33

)

equationls ¥ +8x+32=0

Al

B+4m _

3+4m

M1 o M1
+m (i) {a)[ ] I4+m
E+dm=10 J+dm=3+m o
m==2 Al m=0

>0

Mo periof the peper I s be reproduced witheut the aperoval of the Prncipsl of Temaiek Secondary School,
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(=) .
1
A =27 -2
X3 0
2" x¥ x—
]ll
272 -2)
-_-, 3
2%
=10(3") Al for k=10, Alfarn= |
(b)
125

IgT +1g ' =lgltp)* @
1g(125) = g(by)"

(55 = (bp)*
a=3 and b=5 g

(e)

log, &' +

= log,(2 —3e")
g1

M1 for changing base

log, &** +log, 2 =log,(2-3¢")

log, 26 =lo g,(2-3¢"

M1 for using correct Jaws

2 +3e"'=2=0

(26" =1)(e" +2) =0

tA1 for the solving equation

e"=-]£ or & =<2ANA)

Al for reject &” =2

.r='.n-% or =In2 or-0.693 i Al

Na pat of he peper s 1o ba reproducad without the approval ef ihe PINGe! mm@mrfﬁmit smiletutor.sg
urn over )




e F ™ em M oEM 1 e o T ol B e B o

B b w4 2w Bl We e BB e e Gl
13
(F +2x=3)=(x+I(x=1) | B1 .
(i)
f(1)=0 _
a=b=Tl () | M2
f(=3) =0
SawbwdTiaily §
solve(l) and (2)
a=5 and b=-2 |M
(ii)

Flx)=x'+62 +1024 =2x=15=( +2x=3)Q(x) | M1 forlong division or
Qlx)=¥ +4x+5| 1 any correct method

M1 lor correct coel of x.

Show that & +4x+ 5= 0hss no real roots

using &' =4ac<0. Al

Therefore f{x) has only 2 real roots

(i) radius = 4 unils Bl

Equation of the circle is (x=4)* +(y+6)* =16. | B1

a
(i)Arca = f}"d}@ 4! —-}r:{li]’ M1
-1 -

(4] e (2]

- 2—§~+lﬁ—4n=ﬁ.IH sq units | B2

(iii) centre is (4, 10) | B1

Equation is (x~4) +(y-10)* =16

X+ —Bx-20y+100=0 Al

Eug

He pant of the papar s in be reproduced withoo the appraval of (he Principal of Temnasek Sacondary Schoal
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o Nk r'_"n-: !:;:" Hinld Piad et b i i-'l:l'.‘ sl o e

14

|
y=1:’-—-x+z+l‘: M1 ]

11 2
bel. | =7 ] e
Subsl {1 2) C 3 Al
. . P . 2
Equation of thecurve is y=20 =———+7 .| AL
x+21 35
i l Qz 54
al =— T —
() Mx= ™25
Gradienlnl‘nanml---z—g- M1
54
Equation of normal is }‘=—Ex+:£ nrilﬂﬁy-:-ﬁﬂrﬂ?. Al
sS4 108
7 v=‘?:h‘ (3k ~ ) = it -%m’
d¥ aeis . e
= 2mkh—-ah' | B1
av _dv _dh M
dt dh dt
- -
k(=)= n(—
(5] {5‘1
_ 45
“Temk ™ | Al

Mo part af the papar is 1o be repreducod whhoul Ine spprovel ol tha Prnzipal “Ngé‘dhas oadn
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3
y=acos x+bcoix

Y ~lacos’ xsin x~bsin x

15

-

M1 for E—[ac 0s’ x)
dr

1
_':I_x‘z =-1acos’ x+6acosxsin® x—bcosx

= ~3acos’x + Gacosx(1 - cos’x) - beos x

= —~3gcos’ x+6acos r—Gacos’ x—-beos x

=—0gcos’ x+(6a—-becogx

1
i—}:—ﬂyu-gams’

{5a - b)cosxy =

sincecosx =0
sba-b=-9b

Ga+8b=0
Ja+4b=0

1.2 1

-

x y 2
2y+dx=uxy

x—9bcos x

-9bcosx | m1

Al

M1 for i{hlacus‘ X5in &)
dx

M1 far using Idantity

Al

Subst, y=-2x~-2into above equation | M1

A~2x-2) +dx= x{-2x~2)

253 +2x—4=0

r+x=-2=0

M1 lor forming quad egqn

(x+2)x—=1)=0

¥x=x=2 or x=|

Alfer(-2,2)

y=2 or y=—4

Alfer(l,-4)

Gradient of the line joining points Aend B =

gradient of the line 2y-x-6= D-Jz-

The product of the 2 gradient= ~| Al

Or the gradient of one of the line is equal to —

The lines are perpendicular,

s i M1

=-2

1+2

the gradient of the other line

2
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10
Y
&
| ' 81 for cosy and B1 for correct
1 ]
: l; ranges
L ]
1 ] 1
i V
' :
1 : Bi for tanx and B1 for absolute tanx
H \
t -+ t - x
o 50* 180° wo* 3600
: ‘
A :
] ]
i 1]
] ]
t '
i !
] i
i |
] ]
L] i
h-1=2k<l 81
(i) k=1 Bl
il k=1 Bl
(i) k el
11 (i)
LGAE= £BCE  (ext £cylicquad) | a1 for both conditions

LAEG = £CEB (common angles)
- AAEG is similar to 4CEB (AA, similarity)
(shown)

a1 for cading the right test used l

(i)

4. -g{{ffﬂm part (i))
BC BE .
-+ BD = BE(given) M2 for wrlting the ratios of sides _!
L;% - % _Alfor using the condition BD=8E

AGx BD = GEx BC (shown)

tis part of the paped 15 ta ba reproduced withou (he ppproval ol ihe Principal of Temasek Secendary School,
Need a home tutor? Ui mifdtutor.sg
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A
12 (a) ¥={2 +sinx)?
I
:—f:-;-{i +sin x) *fcosx) | BBl
_ cosx
= 2J2 +sin x
cos0 l
() () whenx=0, y 22 sem0 242
. . | 2, | e
Point Cis (0, or (0,—
oint Cis ( m} ( 4] |
_ . 3
1
- cosX cos ¥
dy | M1
) s l 2+nmx Ijzﬂmx
1

e

=}2 +smxr +l J/2 +sin x]

AlA1 for Integrate correct
using {a)

[J_ v"_] JEHmT—JiHm
- i- Ji+|.j:_+{T A
= 1,05 sq units

A

2

210
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Mathematical Formulae

1. ALGEBRA
Quadratiz Equation

For the equation ax¥’ +bx+c=0,

x=-bi~"b’ ~dac
2a '

Binomial expansion

(a+b) =a" +[f]a'”‘b+[2}:”b‘ +...+[:)a‘"b' +otb",

+ o ny_ A _ﬂ(ﬂ"u"{ﬂ_r'l'”
where nis a positive integer and (r]._ Ala—r)! d

2. TRIGONOMETRY
Identftles

sin’ A+cos? A=1

sec’ A=l+an’ A

coset’ A= |+cot’ A
sin{A# B)=sin Acos B cos Asin B
cos(A+ B) = cos Acos BF sin Asin B
tan Attan B

1Ftan Atan B
sin2A = 23in Acos A

cos2A=cos’ A—sin? A=2cos’ A=1=1=-2sin" A

2ten A
F 4 —m—
tan2A a4

lmfﬁ. +B)=

Formulae for AABC
a b ¢
sind sin8 sinC
a’ =p 4+ ~2bccos A
auémmc

o parl of ihe gaper ks 1o te roprediced withouw e appravel of iha Princips] of Temnseh Secondary Schotl, 211
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Answer nll the questions.
Without using a calculator, find the value of 2 and of & for which iﬁ:—h is the

solution of the equation 302+ xf343 = /50 + 48, [4]

(s)  Show that the expression x° + px—x+ p' +2, where pis a constant, s

always positive for all real values of x.

Hence, find the range of values of ¥ for which — & ~3¢-28 <0. [7]

4 pr—x+p 42

(b)  Find the range of values of & for which the line y=2x—k culs the curve

¥ = x+k at two different points. (4]

(a)  Given thal the ratio of the coefficients of ¥ and ¥* in the expansion of

12
[x’ —%] is 1: 4, find Lhe possible values of k. (5]
(b)  The first three lecms in the expansion of {2.:—3{1 +§) , in ascending

powers of x, are p+ qx-:;— ¥ . Find the values of n, p and q. (5]

20 =5x +11x=3
(x +1)(x-2)

{a)  Express in partial fractions, 151

(b)  Prove the identity S!" X+COSX _ sinx—cosx

sinx—cosx sinx+cosy

= -2tan2x, {3]

Mo part of (e papar i3 13 b reproduced withow the spprovel of the Principal of Tamaek Second #ry Scheol,
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4

The diagram shows part of the curve y-lp[x—r}' +q|. where p, g and rare

constants and p> 0. The curve cults the y-axis at 24 and (4, 8) is the uming point

of the curve,
s
1\
24
(4, 8)
> X
o A B
(i)  Find the values of p, gand . (3]
(1)  Find the eoordinntes of A ond of B. [3]
{1} Write down, with explonations, the number of solution(s) to the equation

|p{x—r}’ +q|=.1x-.ﬁ{ for 3<k<Sand
(®) 0<h<l, . - 7
(b)  h<0, (2]

A car Pmoves in a straight line such that, tseconds afler the start of motion, its

velocity, ym s~ | is given by v=1—

2+

The initial displscement of Pis (1 < %m l]m.

()
(i

(i)

Find the value of fwhen Pis at inslanlaneous resl. 3]
Find an expression, in terms of ¢, for the acceleration of Pand determine
whether Pcan sttain maximum velocity. (2

Find the average speed of P for the first 2 seconds. [4]

™ part nlnl'.l paper is o ke reprodue ad wihout Lhe eppeovil of the Principsl of Temes sk Secendary School,
Need a home tutor? Visit smiletutor.sg



Answer the whole of this question on a picce of graph paper.
The table shows experimental values of two variables, xand y, which arc connccted

by an equation of the form ,N(.; - #(J;}‘ +nx, where kand n are constants,

y 3.00 4,53 5.83 7.00 8.0

{iy  Using graph paper, plot "E' against ::- and use your graph 1o estimate
x

the value of kand of n. (6]
(i)  Use your graph to estimate the value of y when x= 3.40. {2]
(lii) By drawing a suitable line on your graph, find the solution to the

simultanesus equations = k(x| +nv and y= ¥+ . (3

T

The diagram shows a reclangle, PORS, where the Oﬁ.’ makes an angle @ with a
horizontal line QT.

Given that PS*= 14 cm, SR = 8 ce and 0° <8 <90°, show that the perpendicular

distance, Hem, from Sto the line QT is given by H =8cosf +14sind, [2]

()  Express Hin the form Recos(@ - a), where B> 0 and 0° < a <907, 131
()  Find the maximum valuc of / and the corresponding value of 6. 2]
(Il Find the value of & when H=12. 2]

Na part of (he paperbs fo be reproduced wilhout (ho approvel of The Prneiasl of Temntek Secondany Schedl,
Need a home tutor? V|S|t le}ﬁt%t%rsg
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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 the axis of the cone,

(i)

(ii)

(2)

(b)

Given thal the radius, height and volume of the right circular cone are rem,

hem and Vem’ respectively, show that ¥ = -’;(ﬂﬂh‘ -#). 13)

Find the stationary value of Vand show that this value is a maximum. 5]

Find the range of values of x for which the curve y=xe"isa

decreasing function, (4]

Given that y=[ln(3-4x)]', show that %=£I%?;—:ﬂ. where kisa

constant to be determined.

-
Hence, evaluate I Mir. 7

I=d4x

—-

T3

No pan althe pager Is Lo be reproduced wihoul ihe approval of ihe Princlpsl of Tepes Geseomiettdtor? Visit smiletutor.sg
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11 Solutions to this question by accurate drawing will not be accepted.

B

The diagrom shows a kite ABCD, M is the midpoint of AC end the coordinntes of A
and Carc (2, 5) and (10, 1) respectively.

() Find the coordinates of M. m
(i)  Find the equation of BD. (2]
(fii) Given that Blies on the line 3x+2y+4=0, find the coordinatesof B.  [2]
(iv) Given that % =1, find the coordinntes of D, [2]
(v) Find the area of the kite ABCD, : (2]

End of Paper

|
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Prelims 2015 Sec 4E/SN ~Additional Mathematics Paper 2
Marking Seheme
Qn Solulions and Marks Alloeation =

! 302 + /343 = w50 48

70T =202 =242 M1

r= 22 ® ?ﬁ+2ﬁ ' M1 = rationalise
Wi-22 Wi+242

_1441a+3

|
335 L
a=14 and b=8 Al

o) | P pre-x+p’ 42
=x +(p-Dx+p’ +2
B —dac=(p-1) =a()(p* +2) Mi
a=3p'-2p-7
|

i
= pg—| —5=
[p 3] 63 Al

'y
Since [ p+3] 20,

b —dac<0

Mi

Since the coefTici
X + px—x+ p* +2 is always positive for all real values of x. Al

L =3x-28<0 Ml

(x=7Xx+4)<0 Ml
-4 <ye] Al

G et (1

Sub (2) inte (I):
@x~k) =x+ 4 M
42 =(dk+1)r+ k' =k =0 Al

b ~dac>0
(k+1) =a(@)(k* =k)>0 M1
24k 410

k> - A
24

Mo par of e paper Is 1o be roproduced wilhowl (he approvel of fhe Principal of Tamesek Secondary Seheal,
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10

3(:1} bb ]

=)

X
12

T., ,( 2 )(- k) xoe Al for 24

Lel 24 -3r=13,

el

12
Coefficient of ¥ = [1 ](- K =-192k" Al

Let24=3r=9
r=35

Coeflicientof ¥ = [I:]{— kY ==7928* Al

-792%" |

= I
~792° 4 M
x=¢% A

b -
o (2x~3{l+§)

= {24»-3{; +'i"-x+££?3;l)f +J Al
1.5 '
=P+{;‘A"‘§f +...

Comparing the constant lerm: p=-3 Al
Comparing the coefficient of x: g=2=n
Comparing the coefficient of ¥

1_2_ nln- I[

~5=-3-n 5 Ml
n'=5n-14=0
(n=T)n+2)=0

n==2 or n=7 Al
(refect)

Lg==5 Al

Z'8
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4o |28-52+1lx-3 _, Bx+C_ D M
(¥ +1)(x-2) £+l x=2
27 =57 +11x=3= J'l{r’ +IXx—-1)+{Hx+C).:xu2}+ dz” +|}
Comparing the coefficient of ¥  A=2
Letx=2, D=
Sl C I AJA2A1AD
Let x= 0, C=1
Letx=1, B=-4
20 =52 +11x=3 i
=2 -
(& +0)(x~2) Pl a2 Al
4(b) LHE = sinX+cosx Siny-cosx
sinx¥—cosx sinx+cosy
(sin x+cos x)' - (sin x~cos x)°
= e = M1
sin’ x-cos' ¥
= 45in xcos x
sin® x—cos’ x
. L Al for 26in2 Al for =cos2x
~cos2x
=-2any
L1§1] r=4 Bl
q=-8 Bi
Let y=24 when x=0,
24 -Ilﬁp—gl
16p~8=24 or 16p-8=~24 81
p=2 or pm-—] !
(reject)
5(it) |Lety=0,
2x=4) -8 =0 M1
(x-4) =4
Fr—deid
r=2 or 6 Al
A2,00 and B(6,0) Al
S(0ii) | The graph of y=Hx~ k| is V-shaped and the vertex is located between = 3 and
) =5.0nthe raxje thus there will be 4 solutions. BIB!
gé;“»" The graph of - Hx—#| is inverted V-shaped and the vertex is located betweep x=

ig, thus there will be no solution.  BIBI
Mo par of ihe piptl'l! 1o be reproduced wihouw ihe bpprovel ol the Prinsipel of Temesak Secondary Schoal,
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6(1) Let v=10,
5
2t+1
288 +3t=5=0 Ml

2e+5)t-1)=0

Mi a

5
t=== or | Al
> o
(reject)

6(ii) 10

20 Al

Since a cannot have a value of zero, Pcannol attain maximum velocity, Al

a(iii i
(i s=-'-i---§-ln(2:+3]+c,whem cis a constant, M1
5

Let :=I-Ein3 when t=10,

1=21n3 =234 c
2 2

c=I

sni—iln(2:+3)+| Al
2 1

When (= |, = %-—--;-{n5=—1.$2359

Whea fa2. §a 3-§|n?=—1.3541?5

When t= 0, s=1—§ln3=—1.14553

(2.52359~1.74653)+(2.52359 ~ 1 864775)
2

Average speed = =0.718Bm/s  MIAI

21b

" No ped of the papst It 10 be repraducsd wihout the approval of the Prncipsl of Temas ek Secondary School, )
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8
Q T
From the diagram, & =8cos@ and h, =14sin8, Bl each (working needed)
H=8cos8+14sin8
(@ R=4+/260 =2+/65 Al
o =60.26° Al
H=265cos(8-6026°) A1
() [Maxvalueof H=2J65  BI
8 =60.3° Bl
(i) | When H=12,
265 cos(9 ~60.26°) = 12
6
0s(6 - 60.26°) = M1
Rl
8-60,26°=—~41.91°
6=184° Al

Ho pan of the papst 8 1o bs reproduced withoul the approval nl 1ha P:h-:lpqur Te
e tutors Vit
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-
=S

14

ETH)

(h=40) + 7 =40’ M)
r* =80h- ' Al .

|
Vuth
=i;-{5ﬂﬁ--h’]h Al

= %(ﬂﬁh’ - 1)

9(ii)

8Y X l60n-34"
dﬁ-a(lﬁﬂﬁ ) M

dav
Le.l'a};=ﬂ.

%(wuh-m’)—n

A=l of !::-53% Al
(reject)

thn."ﬁﬂ%,

V =79431.87 = 79400 (3s/) Al
&V _x
di' 3
When h:S!%,

(160~64) M

The stalionary value of Vis maximum. Al [proof is necded)

.

e part ol e papar (s o ba teproduced wihowd the approval of he Principal of TaqaatiSsremestertor? Visit smiletutor.sg
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10(n)

PRy Er
8 . o (=2)s30e
dx

= ¥ (3-2x)

dy
Let o <0,

L (3-2x)<0
3-2x<0
1

B
2

Ml

Al

A2

(b)

ys{!ﬂb‘-#l}]’

dy -4
—=2In|3~4
- n(3-4x

— Ml
3—4x]
=-3|n{]—4x]
I—dx
Ske=—B

T“"”“f"“”‘ldx

bt -4y

Al

4 _—
g 2 _1]1 Bln3 -4,
S3-4x 8L 3-4x

=2 {3~ 4 -2 -4

a—-;—[ln? ~In 1}-%[&.1 78 ~(n 1))
=0.22599 + 0.73625
=0.96203s0)

M}

Ml

Al

Mo pan af ine paper is 1o be ieproduted wihoul the approval of the Printlpal of Temas ek Secondary School,
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1IG) | M6, 3) Al

@ [, L -

2
Mgp =2 M

Equation of BD.
y=3=2(x-6)
y=2x==———— =1 Al

() |3x+2y+4=0-——(2)
Solving (1) and (2): Ml
x=2and y=-5

B(2,~5) Al

™ | D2 _
D,-6

D =3

x

Lo A I
D,-3
D, =7

D{8,7) M1 A

3

(v) Area of kite ABCD

1 2 10 8 2
== Mi
zl.s—5|75l

=%(1nz+ls}
= 60 sq.units Al

2§

¢+ Mo pan of the paper [s |0 b+ reproduced withoul ing approvel of te LPrhdni of Temasek Secondary Bchool,
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Mathematical Formulae

l.- ALGEBRA
Quadratic Equation . '.:'. e =
For the equation ax’ + bx + ¢ =0, .~
s . 4 .. .
Pty -b £, b = dae

-

Binomial Theorem | Sl e

-

(g +b) =da+ [T] d"'b + E]u"“‘b‘ S [:)a""b" + e b b,

. o m. n(n=i}..(n=r+1)
where 1 is a positive integer and [r] -_ﬂ(n"— o =

2, TRIGONOMETRY
ldentities .
sin? 4 + cos A4 =.1
secid = | + tan’ A
cosec’d = 1 + cot? 4
sin{ A% B) =sin Acos Bxcos Asin B
cos{ A% B) =cosdcos BTsin Asin g
- tan A £tan B
(A )= an d1an B
sin 24 =2sin Acos A
c0s2A4 =cos? A—sin® A =2c0"A~1=1~2sin’ 4
21an A4
I~tan® 4

lnﬁid=

Formulae for AABC
a _ b . £
sind: sinB  sinC
a® = b + ¢ - 2bccos A

.ri' = labsinﬂ'
2

K55

VICTORIA SCHOOL o 1S/SAPRUAM/ o :
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1 Find the range of the values of x which satisfy both inequaiities

0<x'—4x and x* —4x<3x+10. 4
2 Solve
i !
M) == 2]
¥ T
(i) de'~e=2e"", (3)
1 L
3 () Find the coefficient of the term in x in the expansion of [x‘ -—1-;:3-) ; 3

(i) Thecoefficient of x* in the expansion (5—3x)(1+5x)" is 1785. Find the value of
n [4]

4  The gradient to a curve is given by % = (ke +3Y, where k is a non-zero constant, The

equation of the tangent 1o the curve at the point (1, 2) is 9x—y~=5=0. Find the

(i) wvalueol k, 2}
(i)  equation of the curve, [2)

|
5 Sketch the graph of p==|x+1|+2 for <4 SxS2. 3]

(i)  Stalc the range of values of p for which the equation -ir+ll| = p—=2 has at least |

solutions for -4 Sx <2, n
(i) Using your graph, state the number of solutions for —|x+1j+2=x+3. 1
6 (i) Findthe exact value of x in the equation /1 12x +5 = Jx+19. [4]
(i) A cuboid with a square base of length J3 +1 cm, has a volume of
: i ; e
(51@) ~8J1 ¢m’. Find the height of the cuboid in the form a+b\ﬁ, [4]
220
WVICTORIA SCHOOL ISrSAPRAMY
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7 A curve has the equation y =xe*,

. T, ;

Find —. py

() Find == : [ l:

(i) Hence show that j 4x¢"'da: = lﬁInZ—-Sl 2 W [4]:
{iii) Find the range of values of x for whlch 'tl!'n!' functmn y=xe" is decreasing. [2]

-

+|_l'

8  ABisachord of thecirele x* -+ )" *Sx-zy-r‘.!rﬂ}and M(i 5) is the midpoint of

chord AB, Find the .’. 1 e:
(i) radius and the coordinates ofthe r.en"tre uf tt;: mn:lt:. [2].1_' _
(ii) equation of chord AB. -’ &N A : i

iTE v '.~:: !
If P is a variable poinl on the mm!t., Fﬂ& thr. ’

(ili) maximum area of r.nanglud.BP,. ; LT 4] ;

s
9  The function fis defined, for 0 S x $2, by f(x)=2cosax+b, where a and b are
integers. The minimum value of fis —1 'I_u:nd,th.i!: Emu-d of fis i

L 3 . -
v o, : - _:" r
(i) Statethe amplitede of £ _ [
(i) Siste the values of a ond of b, ' : (1
(iif) Using the values of aand b fuund in part [ii},
(n) solve [(x)=0 for ﬂsxsz.vr Itnﬂngrﬁurnnswcrs interms of , [4]
(b) sketch the graph of f{x} nzcusaﬂb for ﬁs xS2m, (3]

o ’-‘.

m A pa.nir.:ln moves in a straight line such lhﬁt r seconds after leaving a fixed point O, the
velocity v m/s, is givenby =31 =110, Find the.

(i) initial acceleration of the particle,” (2] -

(i) minimum velocity of the particle, (2)

(iii) total distance travelled by the particle in the first 3 seconds, [4]

(iv) avernge speed of the particle during the first 3 seconds, (2]
VICTORIA SCHOOL 15/S4PRUAM/)
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5
11 Solutions to this question by accurate drawing will not be accepted.

The diagram shows the trapezium ASCD in which 8C is parallel to AD while BA produced
is perpendicular to CD produce at point £. The point 4 is (=1, 5), Cis (5,3) and D is

(3,2).

c(s,3)
- D(], 2)
-a -
[ E

o] o
(i)  Show that the coordinates of B are (-3, 9). (6)
(i) Find the area of trapezium ABCD. (2]

g area of AAED | .

(1) , Given that A otAREE A" find the coordinales of E, [3]

End of Paper

This document i3 intended for Internal cirendarion in Fietora Schuel andv. Mo pott of this decvmienl wroy be reprodiced, tored in @ rririeval
fatem o drnsmined In any form or by any means, elecieonte, mechaaleal, phetocopying or sitherelse, withaul ihe priee permizsion of the
Fietoria Sciel lntermial Erams Commiftce,

; 22 |
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Answer Key
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foe

1. =122<x<0 or 4<x=822

ol —
2(1) I-i iy x=1

3(i) Coeflicientof x==7 3(ii) n=6

¥
M) k=6 AG) y--;n:"—('T)—f_

bt

-4%3 a0 N\ F

Sy ~1<ps2

5(ii) There are infinite number of solutions,

6(i) p:?]"’i 6(ii) height= 62333

i) %=e"(4x+l) iiD) x<-i-_ |

8(i) centreofcircle is (4,1)

(i) Mex area= 22.2 units®

o) Amplinde =2, (i) a=15, b=L

iy @ x=i% 3

| 11(ii) Area=15 units®

(ii) radius=4.47 units .

1100y =1 mst
(i) min velocity= ---I'.'Zill—1 m's
(iii) Total Distance =20.5 m

(iv) AveSpeed =a§- o 6.83 mls

s

P

iy E(1,1)

oiii) (b) AR,
| %

9'9' 9

f{x}:husex]ﬂ

VICTORLA SCHOOL

T ' ! - x
) 4;:Wan 4n 1&::‘«
5 N3/ 7 3 ) .
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PRELIMINARY EXAMINATION TWQ
SECONDARY FOUR

Additional Materlal: Answer Paper

READ THESE INSTRUCTIONS FIRST

Wrile your name, class and register number on all the work you hand in,
Wirile 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 fluid.

Answer all questions,

IFworking is needed for any question it must be shown wilh the answer.

Omission of essential working will result In loss of marks.

You are expected lo use a scienlific calculator o evaluale explicit numerical
expressions.

If the degree of accuracy Is not specified in the question, and If the answer is not exacl,
give the answer lo three significant figures. Give answers in degrees to one decimal
place,

For i, use either your calculalor value or 3.142, unless the queslion requires the
answer in lerms of 7.

Al the end of the examination, fasten all your work securely logether.
The number of marks is given In brackets [ ] al the end of each question or part
question.
The tolal number of marks for this paper Is 80.
222

This paper consists of 5 printed pages, including the cover paga.
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2
Mathemnarical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax’ + bx + ¢ = 0,

‘e b % ..Hl_:"— dac

2a

Binomial Theorem

.

(@+b) =d+ ("]d“‘a_;.-+ [")r’b,’ P (:)a"'.&' b b

L 2
where # is a positive integer and ["] o *Hl L— n(n=1)...(n=r+1) ..
r)o ori(n=r) rl ¥

. 2. TRIGONOMETRY
Identities

sin® 4 + cos’ A =1

sec’A'= | # tan® 4

mﬁmfA =1+ cot? 4
sin(A B) =sin Acos Bt cos Asin B
cos(A+ B) =cos Acos BFsin Asin B
: tan Axtan B
l;tﬁpu{,mnﬂ

sin2A4=2sin Acos A

00524 =cos® A-sin® A2 2c0s? 4~1=1-25in’ 4
2Man 4.
1=tan® A -

tan{A+8) =

fan 24 =

Formulae for AABC
L b o
sind * sinB  sinC
at =5 + ¢t = Wecos A

|
A = —absinC
L

3

VICTORIA SCHOOL 15/54PRAMI Need a home tutor? Visit smiletutor.sg
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1  Find the range of the values of x which satisfy both inequalities

Je' —g=2e™

2¢°

Je' =g =—
3(e') —e-e"~2e =0
{e’ *c]{h' +2£) =0

g =¢ ar Je' =-le

x= (NA)

VICTORIA SCHOOL

Oex’ =dx and 2 —dx<3x+10, ™
Ocx'=dx  ond  x'-4x$3x+]0 '
x'=4x>0 X =T7x-1050
x(x=4)>0 for x* ~7x~10=0
~NxJ(=7) -4(1)(-10
_ D7) -4()(-10)
2(1)
=-122 or 322
LX=T1x-1050
-1.225x5822
Hence the solutionis —-1.228x<0 or 4<xs5822
2 Solve
: it |
i — !‘21
(i) 5 e
o
NN o &
3l
3?. 3:IIJ.
Jx
Jmx-2x =i
) 2
0L
5
4 1
fg=—=1=
3 3
(i) Je'—e=2e". 5]

223
I5/S4PR2/AMIL :

Need a home tutor? Visit smiletutor.sg



. ' i
3 (i) Find the coefficient of the term in x in the expansion of [x‘ —ﬁ] . (3]

- I i o
o (f’ "a?] $

()~
ri2 _
Forlerminz, 16-=5r=]

Sr=15

rel

Coeflicientof x = ¥ E-—l)’ ‘
3 2'_

="=7

(1) Thecoefficient of x in the expansion (5=3x)(1+5x)" is 1785. Find the value of
. B (4]

e,

(5-35)(1+5x)"

={5~]x}[l+( )(5:1*[ j(s:} v ]

=[5~ 3:](1 +Snx +I-£55-ﬂxi'§;:"‘ +»]

‘-"'

coefficient of x* |n th¢ abuv: nxpansmn =785

125x "—(”— 3{5n}-1?55

125 (n~ I) S0n=35707 2
1251* =125n-30n~3570 =0,
125n% = 15573570, hl}

250" ~3In-T14 =0
[n—ﬁ}{linﬂl?}ul} 0 e i
n=6=0 or 25n4119=0 . :

n=6 or n= --]-1—9’:{?\!%)

I S
VICTORIA SCHOOL 15/S4PR2AMN
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4  Thegradient 1o a curve is given by % =(kx +])’ , where & is a nom2ero constant, The

cquation of the tangent to the curve at the point (1, 2) is 9x—y—5=0. Find the

(iy wvalueof k,

Qx—-yp-5=0
y=9x=5
Gradient of tangent =9

A(1,2), L:'E=9

(k+3) =9
k+3=3 or k+l==-}
k=D (NAY or k==

(i) equation of the curve.

Equation of curve is,
y=[(-6x+3) &x

!—wﬁx-t-!!l
= 30%) 0

(3-6x)
-18
AL (1L,2),

1,—_{3_-E£.+¢
-18
|
c==

4
. equation of curve [,
¥
o e )
-3 2
1 3(1-2x)

oy ==

2 2

+c

VICTORJA SCHOOL [5/S4PRIAM/I
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6
5  Sketch the graph of y==|x+I|+2 for 4 £x<2, 3)
yy

-

e = o ==

(i)  State the range of values of p for which the equetion -1:+II= p—=2 hasat least |

solutions for -4 Sx<2, = m
-1€ps2 .
(il) Using your graph, state the num':‘ucr of soltions for —|x+1]+2 =x+3 [II]
There are infinile number of .;;';lll.ll_iﬂﬂ!‘;._ . S

YA

VICTORIA SCHOOL 1$/54PRUAMI Need a home tutor? Visit smiletutor.sg
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6 (i) Find the exact value of x in the equation V112045 =+/Tx+19, (4]
Ji-l_ll:r+5=ﬁr+19 Jll—lx-#i-ﬁx-n-lg
4fTx=fTz=14 - Ji12x=J7x=14
Wix=14 (VNZ-7)x=14
PO L I ' 14 l2+7

= 4
W11 g12=-d1 2+
.ﬂ. ) 1447 147
21 {13
il 5647 +147
3 _ 105
. _70:7
105
27
=
3

(1) A cuboid with o square base of jength J3 +1 cm, has a volume of
(542) =845 cm'. Find the height of the cuboid in the form a+5+3. 4]

Height __L(s.ﬁ' 33

(]

25(2)-88 4-23
= b4
44243 4-28

_200-1003 =323 +48

16—12
_248-1323
I
=62-333
28
VICTORIA SCHOOL 13/S4PRIAMN
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7 A curve has the equation y =xe'*,

; d
(i) Find = {2}

y=xe"

dy 4y, b
—=xde" +e" (]
! {: ]'

=e' (dx+1)
. Inl 3
(i) Hence show that | " dxe"dx =16n2-37. [4]

I:ie" (4x+ I}.dx = [x:" Id

Imd.u‘" +e' dr=In2xe'™ -0

rldn"‘ dx + rrr" dx =In2xe™"*
b b

[:"m‘*.dx =23t lﬁ-ﬂ“e" dx

=161 2~ L'"'-:"

= ﬁlni -*-1

o ﬁlnz——{ plYs

= 5rn1—;{="“ -_l}_

- I % J

=16In2-—{16-]
n2-5(16-1)

'=ifrlﬂi‘.—31
d

{iii} Find the range of values of x 'fur'whichrliflé function y = xe'* is decreasing. (4]
For y to be decreasing,  *

d}'d}

e (dx +1) <0

Since '’ >0 for all values of x, *
then dx+1<0

1
x<——
4

§ i

e L -
A o

VICTORIA SCHOOL IS/SAPRZIAMIL
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8  ABisachord of the circle X +y* =8x-2y-3=0 and HG 2%] is the midpoint of

chord 48, Find the

{iy radius and the coordinates of the centre of the circle, (2]

4yl =Br=2y=3=0

£ 4yt +2(~4)x+2(-1)y+(-3)=0

g==4, [f=-l, ¢=-3
Hence centre of circle is {I, I)

radius of cirele is Jg* + /7 —¢

S SRR
=20

=447 units (3 sf)

{(ii) equation of chord A8,

Let the centre of circle be C.

224

: gradient of CM = —2—

==q
5

ol
16

.\ gradient of chord AB = ‘1'.'2

Hence equation of chord A8 is,

507 5
L
T 33
¥ :Ex.p.i
T 7
VICTORIA SCHOOL

(3]

|5/54FRAMI]

If P is a variable point on the circle, find the

(i) maximum area of triangle ABP, [4]

4y 2V
Lengihnl‘C'M:q{ii-—] +(I-2—-]
5 5
’ 1
= IIE

Length of 8M =BC? —-CM?

=,‘2&-I!l
5

{ 4

= 13

Length of chord AB =2x BM

=2)¢J;E
5

Area of AABP i3 maximum when P, C & M
are collincar and PM is L AB.
5 maximum area of A4BP

= %xA.BuFH

=%.uax{c;4 +CP)

E%[zﬂ)(ﬂﬁa]

=22.2 units’ (3 sf)

Need a home tutor? Visit smiletutor.sg
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10
9 - The function f (s defined, for 0 Sx<2m, by f(x)=2cosax+b, where o and b are
integers. The minimum value of fis =1 and the period of Fis if-

(i) State the anplitude of [ i
Amplitudd =2 ; r

(ii) State the tuesufaandu[b.':' h (1

a=2r+1=15

b=l

(i) Using the values of aand b found in part (i),
(a) solve f(x)=0 for 0 Sx<2m, leaving your answers in terms of 7, [4]

Zcusex}rl-ﬂ
cm(i:}=--¥=
2 2

cr = ms" [l)=£

| 2) 3

T 7 . Jr __I.' hl
1.'t'-a':'-=~~~,, a+=—, 2:r+(:r:—]- i

2 3 3 3
ENELIE T L A
2 33 3 L
Ar 8rx 6w At
e et Thar oA
g 9 0 i
{b) skeich the graphof {:5_)_%20;5_&,+b for0sxs2im (3}
f (x) e | :
4
3..
+
(o) An b
9 3
-] ==
£ 54
VICTORIA SCHOOL 15/S4PRUAMI
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10 * A particle moves in a stmghi line such that r seconds after leaving a fi xed p-mnt 0, the
velocity v mis, is given by v=23¢* = =10, Find the

(i) initial acceleration of the particle,

v=dd =10
_dv
dr
=61-1
Initial acceleration = 6(0) =1
== m/s’

(i) minimum velocity of the particle,

@

(2]

Minimum \relaéity of the panicle oceurs when o =0

fr=1=0

=~

6

.+ minimum velesity of the panticle,
Ly (1] I
=3 = | =| =|=10 ==10— m/
(ﬁ) 6 7 S

(iii) total distance travelled by the particle in the first 3 seconds, (4]

s-[:u‘-r-m di
n,f’—-l-:’ -0t +¢
2
Ai=035=0 rc=0

Hence, s=1¢' -Jzﬂ“ =10

Alt=2,
suz’-%{1]‘+ln(z}=-m
Alr=},
=¥ -1y -1003) =71
$=¥-2(3) -10(3) =73

. total distance lravdlltd in the first 3 seconds

When v =0, =14+(14=7.5)
U —1=10=0 =20.5m
(3t+5)(1~2)=0 ~ (=0,5=0
H45=0 or (-2=0 =2,
o s=-14 = =]
(=22 (NA) (=2 {=hsa=ly
3 ]
(iv) theaverage speed of the particle during the first 3 scconds, 12
Average speed of the particle during the first J seconds
_ total distance i 20.5
total time 3
= 65 or 5.83 m/s
E a
VICTORIA SCHOOL 1554 PRUAM! > 3%
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i1 Solutions to this question by lccui'ate tlnming will not be accepted.

The diagram shows the trapezium .{BCD in 4éhich BC is parallel to AD while B4 pmduced
is perpendicular to CD produce at ;iamt*E The. ﬁomt.-{ is (~1,5), Cis (5.3) and D is

(3,2). SRS >
: ':. . T i 1 -
(i)  Show that the coordinates of Bare (-3, ) (6}
Gradient of BC =Gradient of 4D . Lo Al=1, 5
52 _
-1=3 N \\. - D[} 1}
3 | @
4

Sub (5, 3) imuy=-%x +c, 3=_i.'(5)+¢
]
=6~
T
. % 3 3.
Equationaf BC isy = -...“'._-,,-.;.51

Gradientof CD = 3=2

5=3

-
2
Gradient of B4 =~2 :

Sub (=1,5)into y=~2x+d, 5=-2(-1)+d

 d=3
Equation of B4 is y =—2x+3
—-lx+61n—2x+1
A 4
~Ir+27=—fx+12
Sxe-15
x=-]
when x ==3] y=~1{—3}+3
=9
B(-3,9)
VICTORIA SCHOOL 15/S4PRYIAMI]
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roie i e 1.:1 e p-:_‘- R :‘,: ‘ o b At i . T
wand 113-5 Bar Euley - T ’-‘Jw HE Bt }Zni'! LYY 3-,-;* Lesd

I3
11 (i) Find the arca of trapezium 48CD. y [2]
Area of trapezium ABCD B(-3,9) ¢
) 1,5 -3 <135 '
213 ® 5 21 3
1 A(-1,5
=E[{45—1§~1+9}-{-9—9+|5+m}] (=1.5) N c(s,3)
t l'!-
=i-{37-7} ‘,Eﬂ;‘ D(3, 2)
=15 unils’ 0 i
G e areaof AAED |
iii) Given that —— =~ i
(iii) n mufd&ﬁc=4' find the coordinates of £, (3]
Since A imi
ince AAED and ABEC are similar, Sub {3‘2} o 5 1 —
ED _E4_[L.1 2
EC EB V4 2 2at(3)4+
. D and E ore the midpoints 1[} J
of EC and EB respectively, / z%
. : __—
Let E(m, n]. Equation of CD is y = -5: +%
[5 +m,lﬂ)E{3'2] Equation of 84 is y =~2x+3
2 2
S+m i+
—2 =] '—11'2 -%x+-%=-1x+3
m=| n=] xt|==dx+8
E(1,1) +— A1 | Sx=S$
or et
=3+m ':'H-_n
a2y whenx=1, p=-2(1)+3
=(~1,5) =
VAR
End af Paper
534
YICTORIA SCHOOL 1 MEAPRIIAMS
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FPRELIMINARY EXAMINATION TWO
SECONDARY FOUR

Additional Malerials: Answer Paper
Graph paper

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand In.
Wrile 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 fluid,

Anszwer all queslions,

If working Is needed for any question it musl ba shown with the answer,

Omission of essential working will resull in loss of marks.

You are expected lo use a sclenlific calculator lo evaluate explicil numerical
expressions.

If the degree of accuracy is not specified in the question, and if the answer is not exact,
give he answer lo Inree significant figures. Give answers in degrees 1o one decimal
place.

For m, use either your caleulalor value or 3.142, unless the question requires the
answer in lerms of =,

Al the end of the examinalion, fasten all your work securely logether.

The number of marks is given In brackels [ ] at the end of each question or pari
questlon,

The lolal number of marks for lhis paper is 100,

This paper consists of 7 printed pages, Including the cover page.
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Mathematical Fornlae
I. ALGEBRA
Quadraric Equation : '

For the equation ax’ + bx + ¢ = 0,

x=-‘b:l:Jb'-da¢

2a

Binomial Theorem

(a+b8) =a+ (T]aﬁ"b + (:Jn""b’ + o ["]a"'&' + ..+ b,

"
; i n nl n(n=1)...(n~r+)

here n is a positive integer and = =

where n 15 a positive inleg [r} Y -

-

2. TRIGONOMETRY
Identities '
sin? A +cos’A =1
sce A =14 tn’A
cosec’d =1 %.cot? 4
sin{A+B)=sin Acos Btecos Asin B
cos( A £ 8) =cos Acos B FsinAsin 8
mn{,{iﬁ}-;.u_“:{ﬂ’i
15 tan Atan B
sin2A4 =25in Acos A
dos2A4 =cos® A—sin® A=2c08* 4-1=1-2sin’ 4

an24= 2224
[—tan’ 4

Fornuilae for AABC
a . b __c
sind - sinﬂ' - ginC
al = b+ ! ~ 2becos A 2

82 et

539
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48 cm

T

hecm

l |

Water from a tank in the shape of an inverted cone flows out at the rate of 5 em’ /min. The

height of the cone is 48 ¢ and the base diameter is 16 cm. Afer f minules the water level
is hem.

: e i
(i) Show that the volume of water in the tank, Vem?, attime ¢ is given by ¥ = .’1:;1_3' (2]
(i) Find the mte of change of the water level when h=6. (3]
(i) State, with a reason, whether this rale will increase or decreasc as f increases, [

The displacement, y mm, of a mass fixed on 2 vertical spring can be described by the
simple harmonic motion equation, y = Asin (1), whece A and @ are conslants and i
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
1o its equilibrium position after 0.25 seconds.

(i) State the positive value of 4. m
(i) Show that the value of @ is 4 radians per second, (2}

(iti) Find the exact value of ¢ when the mass first reach a position 10 mm below its
equilibrium position. (3]

() Given that flx) =2x" +ax’ +hx~30 hasa factor (x+3) and leaves a remainder of
~28 when divided by (x—1). Find the values of a and of b and solve flx)=0. (6]

() Hencesolve 2(y+1) +a(y+1) +by+b-30=0. (2]

VICTORIA SCHOOL I5/54 PRI/AMS
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4 0 2
E = — F
C
The diagram shows points A, B,Cand D lying on a eircle. The chords 50 and AC intersect
at G, EF is a tangent to the circleal C. AD is pmﬂumd meel the langent &t ~ and
LABC = £BGC,
Prove that :
() BDispamllelto £F, . T Lt o 2]
(i) wiangle CFD and triangle AFC aré similar, 2)
(i) FC'-FD'=FDxDA. ... 3]
5 (i) E:tprcsal —3-“& in pama;. ﬁ'ntllluns [5)
(x+2) (x -4) _
Bfl:i-lﬁ.r '
iy u fi l,rd dx and hence show thal
(i) Using your answer from (1), fin I{ ¥3 ) x‘—d} and henc E
i o T (_}i_ | )
d (x+2)(x" ~4) 5) s

6 (1) Thequudratic equation 35 =2x-+4 =0 hes rools 3ar+fand & +34.

(i) Show that the values of Ia" = =-IE und aff= E_sﬁ' (4]
(i) 1f the rools of the equotion ‘gxl -—:.&:-J-'I =ﬁ where g and h are constants, are
@ and f, find the valueof gand of b, - [2]
(b) Find the range of values of k for;yrhich (k+3)x* +kx+1 is always positive for all
real values of x. ' ' 4
VICTORIA SCHOOL lﬂé#?i@'ﬁm 330
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5
7 Answer the whole of this question on a sheet of graph paper.

The ble shows experimental values of two variables, x and y.

X 0.4 0.6 .8 1.0 1.2
¥ 2.22 2.13 1.97 1.73 1.37

It is known that x and y are related by the equation y' =(ax+1)x—b, where aand b arc

constants,

(i}  On graph paper, plot ( 3 -.:) against x', usinga scale of 2 em Lo represent 0.2 unil
on the x' - axis and 4 cm to represent 1 unit on the (! ~x) - axis. Draw s straight
line graph to represent the equation y* = (ax+1)x~b.

(i) Use your graph lo estimate the value of @ and of &.

; 7 § . . [+b

(iif) By drawing o suitable straight linc on your graph, solve the equation (a —1] -—

8 A picce of wire 160 cm Jong 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 a right-
angled triangle ABC on the opposile ends of a rectangle of length y cm. The length of 2C
and A8 are 5x cm and 13x cm respectively,

E y A
\ |
1 I
I |
1 ]
1 1
] ] ]
I i
' |
: n
D €

(i) Expressyintermsofx,

(i) Show that the area enclosed, Acm’, is given by A =960x—6(37+13)x",

(i) Determine the valus of x for which A4 has a stationary value.

(iv) Find the stationary value of A and delermine il il is @ maximum or @ minimum vilue,

VICTORIA SCHCOL
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9 {a) (i) Provethat :mﬁ=m2:{+1m‘dsind. (3]
cosd, -

(i) Solve, for G'SJSMD'.:'W!A—IBHA:{!!A-—I. [5]

(b} Given cosé u—% and 8 is 1n the third quadrant. Without using a calculator, find the

value of cos E G [3]

10 (a) Solve the equation log, %r-in'g':.r—lug,, (9x-2). (3)
(b) Given that log, (x +3]-—{Iﬁg,;y} (logy 2):2, express y in terms of x. 3]

(¢) (i) Differentiate Incosx; . ¥ oo (1]

(i) State the principal value of tan™ I; giving your answer as a multipleof 7, [I]

|
0|

o | = b
I

The diagram shows part of the graph y =tanx. The shaded region is bounded by the

curve, the x - axis, lines x=%. .x-;ff—x and y=1,

- (jii) Wsing your results from (i) and (ii), or otherwise, find the arca of the shaded
regidn. (4]
23
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A L-shaped structure, OPQ, can be rotated about 0. OP and PQ measures 5 m and | m
respectively, OP makes an acute angle, &, with the ground. Given that L m is the shortest
distance from O to the wall,

(i) showthat L=5cos@~-sind, (2)

(ii) express L in the form Reos{@+a), where R>0 and 0° <a <90° 4]

(ili) state the minimum value of L and find the comesponding value of &, (3

{iv) find the value of & when L=], [2)

(v) explain why the mm:in:mm valune of Lisnot R n
End of Paper

Thiy dorument if lnvenaded for Internal eirenlosion iy Virierlo Sehool ealp. Mo part uf ihls docurent may be reproduerd, steredd in o reide vl

gvsiem of frarumitied In oay form or by ony means, efecironic, miechwndeal, phatocopying or stherwise, withuel fie priae peredeifon sf ihe
Victoria Schoal Inlgrnal Exomi Comniiter.
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Answer Key % J ,
1)) 22 =159 con /min v | M A=G 8500
d i i 6 __Jio
i T
(iii) As 1 increases, h decreases, . -
- =180 dh . ; il
Since —=—r, — is inversely ] .
dt wh di g | 5
proportional to i, ;i .(a] w7 Bl
hence rate of d'langc of waler level mcn:ns:s 4N (x+ 3};
when h decreases, ‘(b) »= selel,
. 64
Or
dh -l dh 360 0 ~unx
dt ol ar

?
——Since i >0 For all positive b, then %;?-bﬂ.

Hence %’- is an increasing function, o

. "
i) A=20 (1ii) 1—24

i a=7, b==7
r==3 or x=2 or x==15

(i) y==4 or y=lor y==35

4 Plane Geomeiry

; ) | 2
5 +
W x=2 x+2 (z+2)
| g
6 AT
(i) g =3 s
b -2<k<b

i) a==3.00 b=-35
(iii) Drawy’ —x=2x"+]

vt

.

{v]n IfF L=R then :9'-::0"
" Since 0° <#<90°, .

[ Since #20° maximum L occurs when
#=0° matimuml =5 ]

“1H() " L=5.10c08(9+113°)
(i) ‘MinL =0 when 6=78.7°

' -'(hr} 6=427°

Ui} Principal valus of tan™ IST
ﬁrl} Area = 2.04 units’

.. maximum L= R -

x =% 0.894 i, :
B(i) y=80-3(r+3)x L
B(ifi) x=13.57 “wiar oW
8(iv) Stationary valueof A=1710 " .y |- 5

A is maximum T
VICTORIA SCHOOL 15/SAPRUAM 232
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Omission of essential working will resull in loss of marks.
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2.
Mathematical Formulae
1. ALGEDRA
Quadraric Equation
For the equation ax’ + hr + ¢ = (,
_=b + Jb' - doc
2a

Binomial Theprem

(@+b) =a+ (ﬂd‘"b + [:)a"“‘b‘ b [”]a""b' o+ B,
Eidl 4

where n is a positive integer and ["J e 0 ) Dl
. Jrl{.r'l:~_— (]| ri
2. TRIGONOMETRY
Identities : . ,‘ A3
sinf +-cos® 4 =1
sec’ 4 = 1°# tan’ A
cosec’d = 1 + cot? A
sin( 4+ B) =sin Acos B tcos Asin 8
cos{A £ 5) =cos Acos BFsinAsin B

wan( A 5) L fandttanB
. IFtan Atan 3
sin24 =2sin Acos A4

cos2A4 =cos’ A~sin? A=2008* A=1=]-2sin’ A

m:,{:.}.’"ﬁ“_zﬁ_
I-tan* A4

Fermulae for AABC

a_ _ b __¢
sind. sinB  sinC
a' e b + &t ~ ecos A

A= -;-aba:'nf.',

z33

VICTORIA SCHOOL 15/54PRUAMA
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| Water from a tank in the shape of an inveried cone flows oul at the rate of 5 cm’ /min. The

height of the cone is 48 cm and the base diameter is 16 cm. Aller { minutes the water level
15 h cm. .

)
(i)  Show that the volume of water in the tank, ¥ cm’, & time  is given by ¥ = LA (23

108
Using similar Lriangles, 8
S 1 »
§ 48 6 :.
Volume of water , ¥ ==xr'h E v
; A H—L-"'
4 T -u---- Al g
=Lr[ﬁ]h 8 '---r-—u
- 3 \6
L ’
108 '
L 4 L |
(i#) Find the rate of change of the water level when h =6. (3
ar o ‘
db 35
av v on
di  dh dr
]
_Szf-f.lr—x_d..’l
6 dr
dh _-180
de  alt
dh  -180
Ahaf, —me—
dt  n@
==1.59 cm’ /min  (3s0)
(iii) State, with n reason, whether this rate will increase or decreasc as f increases. i
As t increases, h decreases, Since :—'l:- =%:P-. %’% is inversely proportional to 4°,

hence rate of change of water level increases when h decreases.

VICTORIA SCHOOL |5IS4FR/AMIZ
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2 Thedisplacement, y mm, of a mass {'uud one vqimal 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 dwplan:d frum its equilibrium position, 0 mm.

Given thal the maximum d:s;:incement,nf the mnss is 2{] mm and that the mass first rel‘.urna

to its equilibrium position after 0.25 mnds.

(i) State the positive value of 4. Al
A=20

(if) Show that the value of @ is 4. radiant per second. 2]
0=20sin &(0.25) i ET
i -.-':.'i.- . -.:""-I' '-y _.
lmrﬂ,n‘ . Smlang i i}.iﬁ; t
@ =0 (ref), 47 e agt .

Iir '{ !

(il) Find the exact value of f when the mnss t'rsl rca-:h a position 10 mm below its )
equilibrium position. y P (31
~10=20sin4m
smdnal = ~—io

2
v =l [ | ] T
a=sin" |=|=—
1) 6
dai=m+—
x|
[ = s Y
6 dm
7
=3
L
VICTORIA SCHOOL \SISAPRUAMZ 53k
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3 () Giventhal fix) =2x" +ax* +bx~30 has a factor (x+3) and leaves a remainder of
=28 when divided by (x~1). Find the valucs of a and of b and solve fx)=0, [6)

(-3)=2(=3) +a(-3) +6(=2)=30=0 .

5449 -15-30=0
la=b=28 (1)

my=20) +a(1)+b-30=-28
a+h=0 +(2)

(1)+(2): 4a=28 .

— 1 +x=10
b=~1 x+3]2:’+?x’ -7x=30
2 +6x'
fx)=0 r—
228 475 ~Tx =30 =0 i
" x" +3x
(x+3){2x* +x~10)=0 " RS
“10x-30
(x+3)(x~2)(2x+5) =0 ~10x~30
x==3} or 2=2 or x=-15% 0
(i) Hence solve 2(y+1) +a(p+1) +by+b-30=0, (2)

2y +1) +a(y+1) +by+b~30=0
2{y+|]’+a(_y+l}! +b(y+1)-30=0

Letx= p+l,

y+l==3 or y+l=2 or y+l=-25

y==—4 y=1 y==315 '
VICTORIA SCHOOL
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The diagram shows points 4, B, C and D lying on & circle. The chords BD and AC
intersect at G. EF isa tangc:nr. 10 the circle at C AD is produced meet (he tangent at £ and -
LABC = £BGC,

Prove that
(i) BDis parallel o 5F, i e 2]

ZACF = ZABC (£sin altemate segment)

ZABC = £ZBGC  (Given)

S LBGC = LACF

By the angle property of altemate angles, BD 'is parallel to £F,

(i) triangle CFD and triangle A.Fa'.‘.','. are i:-i:.nilar. (2]

LCFD= LAFC (Common £)
£ZDCF = £ZCAF  (4s in eltemate segment )
Henece ACKFD is similar to AAFC,

(iily FC'~FD'=FDxDA. 3 ; (3]

Since ACFD is similar lo MFC
FD CF }

FC AF

FC' = FDx AF
=FDx(FD+DA)
=FD + FDxDA"

S FC'=FD'=FDxDA (Proven)

-1

VICTORIA SCHOOL IS/S4PRAAM?
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(i) If the roots of the equation gz’ ~hx~1=0 where g and h are constants, are
a and B, find the value of g and of h.

]

{2}
Mt . Alternative solution:
a+fls— . ==
b4
| 5
| _h Sn e B
i ek e
4
S0 L
.*.h=% sicinzadll) 5 15
ot & - hx -1=0
of=—
&
5 -l rg=T
16 g
16 =-32
E— 5
Lo
=-3-l- 5] 8
5 =
I - 15
Sub g=-3-§inla(t} h___ﬁ_
| N 15
Sh==l=26
T
_E i
[ J—
15 ¢ I

(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 end b’ -dac<0

k>-3 K =a(k+3)(1) <0
K —4k-12<0
(k=6)(k+2)<0
n=2<k<b

Mence k>-3 and -2 <k <6
. lhe solutionis =2 <k <6

VICTORIA SCHOOL I5/54PRUAMI
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7 ¢ Answer the whole of this question on‘a shieet of graph paper.

The table shows experimental -'lmlitu of two ﬁ;iaﬁiu. xond y.

x 0.4 06 |- 08 1.0 1.2
¥ 222 I.'E! -1 .1.97 1.73 1.37

It is known that x and y ere relatcd Ery the cqualiﬂn ¥ =(ax+1)x~b, where aand b arc
consianis. .

r--l

(i) On graph paper, plot (* ~xJ, apmsl :’ u'ﬂng a scale 0f 2 &m 1o represent 0.2 unit’
on the x* axis and 4 emto mprmnl { umi onﬂm( -x]uis. Draw a straight line
graph to represent the cquatmn.’ ¥ ={m-+1]x-b K|

% 0.160 ﬂ,:lﬁﬁ' “ 0540 | 1% .44 ‘
Y -x 453 | -394 | "3.08 1.9 0.677 ‘

(ii) Use your graph to estimate the ;raiue;uf_q and of b. ['4]

y’-{a.tH]r-b
y =axr +x-b
y‘ —x=aF -b

Cradient =a

5-3.5
0-0.5
Sa==3.00 (3s().

Gradienl =

(v - x)~intercept ==b
=b=5
s

(iii) By drawing a suitable slra:ght line on your graph, solve the equation (g ~2)=-— Az &

[21
I+b

(a=2 =
@ =2t =14b

a’ —b=2x" +|
Draw y' = x=2x" +|

From graph, x* =0.8 ;tbé
x-tnamasi} :

VICTORIA SCHOOL I$/S4PRYAM2
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8 A piece of wire 160 cm long is bent to form the shape shown in the figure. This shape
consists of a semi-circular are whose diameter is given by the length DE, and a right-
angled triangle ABC on the opposite ends of a rectangle of length y em. The length of 5C
and A8 are Sx cm and 13x em respectively,

£ y A
H ;
! !
i I
1 1
] 1
] ]
! i)
] % L
1 ]
1 [m!

i ) c
(i) ExpressyIn tgms of x. . - 2}

AC=Ji3x)] - (52 =12x

Perimeter of figure = Length of wire

13+-’5'—f—’+f3:+5x=|sﬁ S

Iy+6mx+18x =160
y4+drx+9x =80
s y=80=3(m+3)x

(1) Show that the arca enclosed, Acm’, is given by A=9613:*6{Jr:+!3}:-:‘. [2]
=-.i'?--.='r{!:|'lx]:| +y{|lr)+%(5%}(lllf)_. . : ;

=18mxt +304° +|h{aﬂ-—3:[':-i§r" +3}x]
= (187 +30) " +960x=36(743)x - %
=[187+30-36(x +3)]% iigﬁﬁ; 4 o
= (187+30-367-108) ¢ +960x_ * . .

= (=187 ~78)x" +960x .. T
2960x-6(3r+13)x i UiC
VICTORIA SCHOOL 15/S4PRUAMA
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8  (iii) Determine the value of x for which A has a stationary value. ’ ) B

An'?&ﬂx.—ﬁ[lrrHE}x’

%=5‘Eﬂ—l1{3n+13]x

For siationary value of 4,
o I
de
960-12(37+13)x =0 ‘
960
X s ——
12(3m +13)
=13.567
=3.57 (3sf)

(iv) Find the stationary value of 4 and determine if it is a maximum or a minimum value,
(3]
Stationary value of 4 = 960 (3.567) =6 (3 +13)(3.567)’
=1712.39
=1710 (3 5f)

1
i—xéns:(:nu}

F
since e <0, 4 is a maximum value,

9 (a) () Provethatcosds c:s 2:: +tan Asin A. (3

RES =824 1 10 45in 4
cos A
2¢c05° A-1 sind .
= + sinA
cos A cos A
_2c08’ A=1+sin’ 4
cos A
nlms’A—HI—cus’A
cos A

cos® A
P

cos A
=gas A

=LHS

VICTORIA SCHOOL L5/S4PRYAM2 Need a home tutor? Visit smiletutor.sg
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Solve, for 0" s 453607 dosA—1tan Asin A=—1, [5)
cosA—-anAsin A =~|
cos2A -
cos A
- 2cos’ A=l=—cosA
2cos’ A+cosd~1=0, ! |
(cosA+1)(2c0s4~1)=0 - °
cos A ==1 or- -, "qp:‘{l_';-li-
A=180° L la=e0e
i : “ ,d:‘:-ﬁﬁ“,lﬁﬂ'-ﬁlu'
of 12 -'_*':‘EHGQ“J{}D“

'.'I:.‘_ : vomo

(b) Given cos@w —% and & ir;‘_ll-;:'fhc ﬂﬁt&"qua'dlranL Without using a calculetor, find the

g
value of msa-

-. )

:asﬂu—-;-ﬁ 180° <@ <270°
7 4 . ey &
2c08’ =]z =m . K% b ¥ o

3 G 90 2-:135
cus’£=~!~
2 10
] |
cos— =+
2 o
o0
10

Since ?B'-:g-:ﬂi“. 6_ o

VICTORIA SCHOOL
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10 (a) Seclve the cquation !ag,lz-hg,.r-lng, {9:*2). K]

tagl‘%zlog::-!ng,{?x-l]
log, [‘9: -2)=log, :—Iog,%
log, gx-z}':lag, (x+']-J

log, 4 2
on050) o,
log, (9x-2) =2log, 2x
log, (9x-2) =log, (2x)
5 9x=2 =4y
4x' —9x+2=0
(4x=1)(x-2)=0
dx~1=0 or x=2=0

x-l or xm~2

4 1
(b) Giventhat log, {x+3)—~(log, »)(log, 2) =2, express y in terms of x. [3)
log, {x+3)~(log, ¥)(log, 2) =2 log, (x+3)~(log, ¥)(log, 2) =2
! log, 2
Ing,(xﬂ-]}—lng,ymlu—g-:aJE log, [x+3}-luglyx Ti:-ﬂ=2
1
log, (= +3}-19-g;—}—'=1 log, [.:r+3}—£$-31-z=2
3log, (x+3)—log, y =6 log, (x+3)-log, fy =2
]

log, (x+3) ~log, y =6 1ug,{”3 -
1 (x+3) 26 Uy
Dgl - {"x +3)'_1!
{x+3!’ 38 Y ,

y (x+3) o
64y =(x+3} y

3

(x+3) }'=[I+3}

r»= ) I fid
VICTORIA SCHOOL | S/SAPRIIAMIZ
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10 (c) (i) Differentiate Incosx.

—sinx
CosX
==lanx

d
—lncosx =
e

(i) State the principal value of tan™ 1, giving your answer as a multiple of .

Principai value of tan™ | n_?-:-

!
0

L i P 5
7 ;

HE
6

M

(1

The diagram ghows part of the graph y =lan., The shaded region is bounded by the

curve, the x axis, lines x-%’ and y=1,

(i) Using ypur results from (1) and (ii), or otherwise, find the area of the shaded
region,

. L )
Aren =I'Iunxd.r+ X, i
§ & 4 )

Tx
== Y
[Incos ], + =

=— Incasi-inmsi +E.
4 6 12

=2.04 units® (3sf)

[4]
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A L-shaped structure, OPQ, can be rotated about 0. OP and PO measures Smand | m
respectively. OF makes an acule angle, &, with the ground..Given that L m is the shortest
distance from O 1o the wall, '

(I} show that L=5cos&-sin#, (2]
cosf =Y. ' '
5

PY =5cos8

s£n3=£'l£

FX =sin@

LLaPY-PX
=5cos8-sinf

(I express L in the form R:ns[9+a}. where R>0 and 0° <o <90°, [4]

L=5cos8~-5ind

= Reos(8+a)

= Reosfcosa~Rsinfsina
Reosa=5 (1)  Rsina=l .-(2)

() +(2)':  R'cos’ a+R'sin’ @ =5 41!
R =26
=5.10 (3sf)
(2),  Rshha _|
()7 Reosa §
l.anaz-u
5
az:lan"-l-
5

=11.317 (2dp)

S L=510cos(0+11.3°)  (3sf, ldp)
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1L (i) state the minimum value of L and t':rr;d the corresponding value of &, (3]
. Minimum £ =0, when ces(8+1131%)=0
8+11,31% =90
6=78.7° (1dp)
({iv] find the valbe of & when L =3, . [2]
I=fees(f+11319) - . .

os(O4113) e -
a-mr'[:é.]-sa.w 5

8+11.31°=53,.96°
d=42.7" (1dp)

(v} explain why the maximum vn:hu': of L is fnl R -]

i L=R then @ <0" Since 0*S8<90°, . maximum L2 R
[ Since 8207, maximum L cccurs when #'=0% maximum L=5, |

End of Paper .
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