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Mathematical Formulae 
 
 

1. ALGEBRA 
 
Quadratic Equation 

For the equation 02 cbxax , 

a
acbbx

2
42

 

Binomial expansion 
1 2 2( ) ... ...

1 2
n n n n n r r nn n n

a b a a b a b a b b
r

, 

where n is a positive integer and ! ( )...( 1)
!( )! !

n n n n r n r
r r n r r

 

 
 

2. TRIGONOMETRY 
 
Identities 

1cossin 22 AA  
AA 22 tan1sec  

2 2cosec 1 cotA A  
 

BABABA sincoscossin)sin(  
cos( ) cos cos sin sinA B A B A Bm  

tan tantan( )
1 tan tan

A BA B
A Bm

 

 
sin2 2sin cosA A A  

AAAAA 2222 sin211cos2sincos2cos  

A
AA 2tan1

tan22tan  

 
 

Formulae for ABC 

C
c

B
b

A
a

sinsinsin
 

Abccba cos2222  

 = 1 sin
2

bc A  
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1 Find the range of values of k for which the quadratic equation 2( 2) 2 1 0k x kx  

has real roots.   [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 A triangle ABC has an area of 2214 3  cm  and 4  cm
2

5AC . Express 

the perpendicular distance from B to AC in the form of 2a b , where a and b are 
rational numbers.      [4] 
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3 Given that (1, )h  is a solution of the simultaneous equations 1 2 3 0
x y

 and 

6 0x ky , find the values of x and of y.         [5] 
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4 Given that 
2

3 5

x

x
y e , find the range of values of x for which y is an increasing 

function.     [5] 
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5 (i) Given that lg 2 x  and lg3 y , find the value of 5log 24  in terms of x and 

y.    [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (ii) Express ln3 ln94 2  in the form 2m  , where m is a constant.  [2] 
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6 Express 
4

4 16
x

x
 in partial fractions.      [6] 
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7 Water flows out of a filled container of height 20 cm such that after t seconds, the 

depth of water in the container is h cm and the volume of water left in the container 

is given by 
2 2

10
10
h

V
h

. Given that the height of the water level is 

decreasing at a rate of 4 1t cm/s. find the rate of decrease of the volume of the 
water when 2t .         [6] 
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8 It is given that tan 3
4

B  where B is an acute angle. Without solving for B, find the 

exact value of   
 

   

 (i) cos3B ,   [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (ii) tan

2
B . [Hint: Use double angle formula.] [3] 
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9 (i) Sketch the graph of ( ) 3 | 2 3 |f x x  for 72 x , indicating the 

coordinates of the intercepts, endpoints and vertex clearly.  [3] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) State least positive value of 1
( )f x

.   [1] 
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 (iii) State the range of values of m such that the line 2y mx intersects the graph 

at 2 distinct points.      [3] 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Turn over 



 
 

 
Crescent Girls’ School                                                    2020 Sec 4 A Math Prelims P1 

12 
10 A company wants to produce open cylindrical containers with a capacity of 

36000 cm each.       
   
 (i) Find the radius of the container if the company wants to minimize the amount 

of material used.       [4] 
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 (ii) For the value of the radius found in (i), show that the amount of material used 

is minimum.    [2] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (iii) State an assumption made in your calculations above.  [1] 
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11 A radioactive substance decays according to the equation 15 btA e , where A is the 
mass in grams of radioactive substance remaining and t is the time in hours after the 
radioactive substance starts to decay.      

   
 (i) Given that there are 10 grams of radioactive substance remaining after 30 

hours, verify that the value of b is 0.013516.   [2] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Find the mass of radioactive substance left at the end of 1 week.     [1] 
 

 
 
 
 
 
 
 

 (iii) Find the number of hours for the radioactive substance to decay to half of its 
original mass.       [3] 
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 (iv) Find the rate at which the substance decays at 50t hours.      [2] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Turn over 



 
 

 
Crescent Girls’ School                                                    2020 Sec 4 A Math Prelims P1 

16 

12 It is given that 1 3cos 2
2

( )f xx  for 0 2x  and ( ) 2sin
2

g x x  for 

0 2x .      
 

 (i) State the period of ( )g x .  [1] 
 
 
 
 
 
 
 
 
 
 (ii) State the least and greatest values of ( )f x .  [1] 
 
 
 
 
 
 
 
 (iii) Sketch, on the same axes, the graphs of ( )y f x  and ( )y g x for 

0 2x .   
[4] 
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(iv) Hence, state the number of solutions of the equation 6cos 2 4sin 1
2

x x  

for 0 2x .  [1] 
 
 
 
 
 
 
 
 
 
 
 
 
 

(v) Determine the value of k for which the equation 1 3cos 2 2sin
2 2

xx k

has one solution.    [1] 
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13 (i) Find the coordinates of the foot of the perpendicular from A(3, 11) to the line 

l, 2 4 25x y .      [4] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) Hence, calculate the perpendicular distance from A to the line l.  [2] 
 
 
 
 
 
 
 
 
 
 (iii) If B is the reflection of A in the line l, find the coordinates of B.   [2] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

END OF PAPER 





Name:   Register No.: Class: 
 

 

 
 

 

CRESCENT GIRLS’ SCHOOL 
SECONDARY FOUR 2020 
PRELIMINARY EXAMINATION 

   

ADDITIONAL MATHEMATICS  4047/02 
Paper 2     28 August 2020 
   
Additional Materials: NIL 

 
2 hours 30 minutes 

 
READ THESE INSTRUCTIONS FIRST 
Write your name, register number and class in the spaces at the top of the page. 
Write in dark blue or black pen. 
You may use an HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid. 
 
Answer all the questions. 
Write your answers in the answer spaces provided. 
Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the 
case of angles in degrees, unless a different level of accuracy is specified in the question. 
The use of an approved scientific calculator is expected, where appropriate. 
You are reminded of the need for clear presentation in your answers. 
 
The number of marks is given in brackets [  ] at the end of each question or part question. 
The total of the marks for this paper is 100. 
 
 
For Examiners’ Use 

Question 1 2 3 4 5 6 7 8 9 10 11 

Marks            

 
Table of Penalties Question Number   

Presentation 1  
Units 1  Parent’s/Guardian’s 

Signature Significant Figures 1  

 
This document consists of 17 printed pages. 

 
 

100 



 
 

 
Crescent Girls’ School                                                    2020 Sec 4 A Math Prelims P2  

2 

 
Mathematical Formulae 

 
 

1. ALGEBRA 
 
Quadratic Equation 

For the equation 02 cbxax , 

a
acbbx

2
42

 

Binomial expansion 
1 2 2( ) ... ...

1 2
n n n n n r r nn n n

a b a a b a b a b b
r
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where n is a positive integer and ! ( )...( 1)
!( )! !

n n n n r n r
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2. TRIGONOMETRY 
 
Identities 

1cossin 22 AA  
AA 22 tan1sec  

2 2cosec 1 cotA A  
 

BABABA sincoscossin)sin(  
cos( ) cos cos sin sinA B A B A Bm  

tan tantan( )
1 tan tan

A BA B
A Bm

 

 
sin2 2sin cosA A A  

AAAAA 2222 sin211cos2sincos2cos  
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1 The equation of a polynomial is given by 3 2( ) 2 7P x x cx . The remainder when 
( )P x  is divided by 2 1x  is twice the remainder when ( )P x  is divided by 2x . 

 

 

 (i) Show that the value of c is 5. [3] 

 (ii) Using the value of c in part (i), explain why the equation ( ) 0P x  has only 
one real root.  [4] 
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2 A particle moves in a straight line so that after t seconds, its distance, s metres, from 

a fixed point O is given by 5 7
2

t
ts e

e
.  

 

 (i) Find the distance of the particle from O when ln 2t .  
By comparing with the instant when the particle first moves off, determine if 
the particle is moving towards or away from O at ln 2.t  

 

[3] 

 (ii) Find the value of t when the velocity, v = 5.5 m/s.  [4] 
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3 (i) Differentiate 2cosx x  with respect to x.  [2] 

  
(ii) Hence show that 

2
4

0

sin sin 2
2 16

x x x dx . 

 

 
[4] 
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4 (a) Find the range of values of k for which 23 8x x k  is always positive. [2] 

 (b) The equation 2 7 9 0px qx p  has equal roots. Given that p and q are 
positive, find the ratio p : q and solve the equation. [4] 
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5 The diagram shows two isosceles 
triangles OAB and COD. 
OA = OB = 4 cm, OC = OD = 8 cm, 

angle AOD =
2

and angle COD = . 

The sum of the areas of triangles OAB 
and OCD is S cm2. 
 

 

 

 

 
 
 
 

 

 (i) Show that S can be expressed in the form sin cos ,p q  where p and q are 
constants. 

 
[3] 

 (ii) Express S in the form sin( )R  where R > 0 and 0
2

. 

Given that the sum of the areas of triangles OAB and OCD is 32 cm2, find the 
value of . [5] 
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6 A rectangle of area A m2 has sides measuring x m by ( )px q m, where p and q are 
constants and x and A are variables. Values of x and A are given in the table below. 
 

x 50 100 150 200 250 
A 3800 10 500 20 400 33 000 48 500 

 

 

    
 (i) Using suitable variables, draw, on the grid opposite, a straight line graph and 

hence estimate the value of each of the constants p and q. 
 
[6] 
 

 (ii) On the same diagram, draw the straight line representing the equation 2A x
and explain the significance of the value of x given by the point of intersection 
of the two lines.  [3] 
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7 (a) Given that cosec cot 4x x and x is acute, show that 1cosec cot
4

x x . 

Hence find the value of sec x . 
[5] 

 (b) Given that 
2

2

1 2cos 43
sin 3

 for 90 180o o , find the value of sin
1 cos

, 

giving your answer in the form 1
3

a b c  where a, b and c are integers. 

 

 
[5] 
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8 The quadratic equation 22 6 0x x k  has roots and .   

 (i)  Find the value of 2( ) in terms of k.  [3] 

 (ii)  Find the smallest integer value of k if the equation has no x-intercept. [3] 

 (iii) Given that the value of k is 5, find a quadratic equation whose roots are  
2

 and 
2

. 

 
 
[5] 
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9 (a) Find the coefficient of 4

1
x

 in 
1412x

x
.  

 
[3] 

 
(b) 

 
(i)  

 
Write down, without simplifying, the fourth term in the binomial expansion of 

nbax
x

.  

 
 
 
[2] 
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 (ii)  If this term is a constant term, find the value of n.  [2] 

 (iii) The fourth term of the binomial expansion is 160 and 1a b  where both a 
and b are positive.  
Use the value of n in part (ii) to calculate the value of a and of b. 

 
 
[4] 
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10 A circle with centre C, passes through the origin and has x-intercept of 4 at point A 
and y-intercept of 3 at point B. 
 

 
 

 (i) Explain why the centre of the circle is (2, 1.5).  [1] 

 (ii) Determine the equation of the circle in the general form. [3] 

 (iii) OD is a diameter of the circle. Find the coordinates of D. [2] 
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 (iv) The tangent at D cuts the x-axis at E. Find the area of triangle BCE. [5] 
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11  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The diagram (not drawn to scale) shows part of the curve 2

1
(1 2 )

y
x

passing  

through the point 2

1,
(1 2 )

P k
k

, where k is a constant. The normal to the curve at 

P is perpendicular to 2 1y x  and the normal meets the horizontal line 0.04y  
at point Q. The curve meets the same horizontal line at the point R. 
 

 

 (i) State the equation of the asymptote denoted by dotted lines. [1] 

 (ii) Prove that  k = 1.5. [4] 
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END OF PAPER 

 (iii) Show that the x-coordinates of Q and R are 1.395 and 3 respectively. [4] 

 (iv) Find the area of the shaded region PQR, giving your answer to 2 significant 
figures.  

[5] 
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Qn Answer Key
1 1   or  2,     2k k k 10(i)

3
600012.4 cm   or 

2 116 26 2  cm
17 17

(iii) The thickness of the container is 
negligible.

3
x = 2, 

4
5

y

x = 1, y = 1 

11(ii) 1.55 g

4 7
6

x
(iii) 51.3 hours

5(i) 3
1
x y

x

(iv) 0.103g/h

(ii) ln 9 1 ln 9 2ln 3 12  or     2  or     2e 12(i) 4

6
4

4

21
2( 2) 2(

1 1 2
16 2) 4

x
x x x x

(ii) least value of ( ) 2.5
greatest value of ( ) 3.5

f x
f x

7 3450.8 cm /s (iv) 4
8(i) 44

125

(v) 4.5k

(ii) 1
3

13(i) (0.5, 6).

9(i) (ii) 5.59 units

(ii) 1
3

(iii) ( 2,  1)B

(iii) 10 2
7 3

m

v) 0.103g3g3g3g/h/h/h/h

2ln 3 1  22ln 32
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9(i)

12 (iii)
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2020 CGS AM Prelim Paper 2 Answer Key

Qn Answer Key
1(i) x = 1 is the only root

2(i) 6.25 m; towards O (ii) t = 1.61

3(i)
2sin 2 cosx x x (ii)

16

4(a)
15
3

k (b) p : q = 7 : 6; x = 3

5(i) 32sin 8cosS (ii) 8 17 sin 0.245S ; 1.08

6(i) Plot A
x

against x; p = 0.59 (accept 0.59 0.62); q = 46 (Accept 45 47)

(ii) x = 115; square

7(a)
17sec
15

x (b) 1 7 2 10
3

8(i) 9 2k (ii) 5
(iii) 210 18 25 0x x

9(a) 64 064 (b)(i)
3

3
4 3

nn bT ax
x

(b)(ii) n = 6
(b)(iii) a = 2; b = 1

10(i) C lies on the perpendicular bisectors 
of OA and OB. (ii) 2 2 4 3 0x y x y

(iii) D(4, 3) (iv) 1.6875 units

11(i) x = 0.5 (iv) 0.10 units2

17 sin17 sin

0.62); q = 46464646464646444444 (A(A(A(A(A(A((((( cccccccceeept 45454545 4747))

(b) 1
3
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e of anananananananananananananannanaaannnnangleseseeseseseseseseeseseesesesesesessesesesseeeseeese  in deeeeeeeeeeeeeegrgrgrgrrrrrgrgrrgrgrgrgrgrggg eeeeeeeeeeeeeeeeeeeeeeeeeeeeeees,s,s,,s,s,s,,,s,,s,,s,,s,s,,, unlessssssssssssssssssssssssssssssssssss aaaaaaaaaaaaaaaaaaaaaaaaaaaaa didddddddddddddddddddddddddddddddddd fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ererererererererererererereerreeeererererererrrerrerrrrerrerrre eneneneneneneneneeeenneeeneneenenneeennnnnnnt t t t t tttttttttttttttt leleleeleleleleleleeeeeeeleleeleeeeeeeeeelll vel ofofofof aaaaccccccccuruuu acy

se ofofoffoffofofofoffoooooooo aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaann apapaaapapapapapapapapapapapapapapapaapaapaaaapapaaapaapppppppprpppppppppppppppppppppppp ovvvvvvvvvvvvvvededededddddededdedededededeee sssssssssssssssssssssssssssssssssssciccccccccccccccccccccccc entitiiiiitiiiiiiiiiiitiitiififififififififffifififififififffiffiififif c c cc c c ccc cccccccccccccccccccc cacacacacacacccacacaccacacacacaccacaccacccacacacccacaaacaacccalclcllllllllllllllll ululllullululllullllllllllllatatatatatataataatatatatatatatatatatataatatattatattataaaaa oor iisssss exexexexpepepepected
e reeeemimimimmimiimmmimimimmimimmindnnnnndnnnnnnnnnnnnnnnn edeededededededededededededededededededededdddddddd ooooooooooooooooooof f fffffffffffffffffffffff ththhhthhhthtttt e neneeeeeeeeeeeeeeeeeeeeeeeeedededdededededededededededdededededededdddddeddeddee ffffffffffffffffffffffffffffforororororrrorororrorrooooooooo cccccccccccccccccccccccleleleeleleleleleleleleeleleleeleleleeleleleeleell ar pppprerereresesesesentnnn ation

er ooooooooooof f fffff ffff ffffffffff mammamamamamamamamamamamamamamammmaaaarkrkkrkrkkrkrkrkkkrkrkrkrkrkrkkrkkrkrkrrrrrrrrrrrrrr ssssssssssssssssssssssssssssssssss isisisiisisiisisisisiisisiisiisisisississssisssssssssss gggggggggggggggggggggggggggggivivivivivivivivivivivivivivivivivivii ennnn iiiinnnn brbrbrbracacacackets
he mmmmmmmmmmmmmmmmmmmmmmmmmmmmarararararararararaarararaararararararararaaaaraaaaa kskkkkskkskskkkkkkskskskkkkskkskkkkkkk  forrrr tttthihihihissss pappp per

Us
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation 02 cbxax ,

a
acbbx

2
42

Binomial expansion
1 2 2( ) ... ...

1 2
n n n n n r r nn n n

a b a a b a b a b b
r

,

where n is a positive integer and ! ( )...( 1)
!( )! !

n n n n r n r
r r n r r

2. TRIGONOMETRY

Identities
1cossin 22 AA
AA 22 tan1sec

2 2cosec 1 cotA A

BABABA sincoscossin)sin(
cos( ) cos cos sin sinA B A B A Bm

tan tantan( )
1 tan tan

A BA B
A Bm

sin2 2sin cosA A A
AAAAA 2222 sin211cos2sincos2cos

A
AA 2tan1

tan22tan

Formulae for ABC

C
c

B
b

A
a

sinsinsin
Abccba cos2222

= 1 sin
2

bc A

.( 11))
!

.(.(

TRIGGGGGGGGGGGGGGGGGGGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONOMMMMMMMMMMMMMMMMMMMMMMMMMMMEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

1cosssssssssssssssssssssssssssssssssinnnnnnn 222 cccosssssssssssssssssssssssssssss
AA 22 tttttttttttttttttttan1ssseeeeeeeeeecccccccccccccccccccccccccccccccc AAAAAAAAAAAAAAAAAAAAAAAAAAAA2 111111111111111111111

2 2222222222222222222222coossssssssssssssssssssssssssssssseeeeeeeeeeeeeeccccccccccccccccccccccccc 1 ccccccccccccccccoooooooooottttt2 A22222222222222222222221 cccccccccccccccccccccccccccccccccoooooooooooooooooooooooooooooooooooootttttttttt11

Bsinccccoooossssccccccoossssssssiiiiinnnn)))siinnnnnnnnnnnnnnnnn((((((((((((((((((((((((((((((((( AAAABBAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA BBBBBBBBBBBBBBBBBBBBBBBB
cos((((((( )) cccccccccccoos coooossss siiiin i) cccccccccccccccccccccccccccccccooooooooooooooooooooooooooooooooooooossssssssssssssssssssss ccccccccccccoooossss ssssiiiin sin)

tatanntatatatatataatataataatatttaaaaaaaaan(nn(n(nn(n(n(n(n(nn(n(n(((nn(n(((n(n(n((n((n(nn(nn ))))
1 t

A ta))

sin2
2co22cooss AA 2
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1 Find the range of values of k for which the quadratic equation 2( 2) 2 1 0k x kx

has real roots.  [3]

Solution:

2( 2) 2 1 0k x kx
For the equation to have real roots, 2 4 0b ac

2

2

2 2 0
( 2)( 1) 0

1   or  2

( 2 ) 4( 2)(1) 0
4 4 8 0

,    2

k
k k

k k

k k
k k
k

k

[M1]

[M1]

[A1]

2 A triangle ABC has an area of 2214 3  cm and 4  cm
2

5AC . Express 

the perpendicular distance from B to AC in the form of 2a b , where a and b are 
rational numbers. [4]

Solution:

Let the perpendicular distance from B to AC be h.

1 45 14 3 2
2 2

5 2 4 28 6 2
2

28 2 12
5 2 4

28 2 12 5 2 4
5 2 4 5 2 4

280 112 2 60 2 48
50 16

232 52 2
34

116 26 2  cm
17 17

h

h

h

[M1]

[M1]
[M1] – Rationalising 
denominator

[A1]

1 2
[A[A1]1]

a of 2 cccccccccccccccmmmmmmmmmmmm anananannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnd d dddd d d ddddddddddddddddddddddddd dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd dd  ccmAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACCCCCCCCCCCCCCCCC 44555555
2222

55 . Exxprp ess 

r distance ffffffffffffffffffffffffffffffffffffffffffrororororororororororroroorororooroororrorororoorrrrrrr m m mmmmm mmmmmmmmmmmm mmmmmmmmmm BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB totototoootototoototottootooooootottttotottttoto ACCACACACACACACACACACCCACACACACAAACAAACACAAAACAAA inininininininininininininiiininiininiiininnnnnnnnnnnn tttttttttttttheheheheheheheheheheheheheheheeheheheheehehehhhhhhhhhh ffffffffffffffffffffffffffffffffform of 2a bb , whherere e aa and b
mbers.

olution:

t thhhhee ee e ee eeeeeee e e pepeeeeeeeeeeeeeeeeeeeeeeeerprprppprppppppppprppppppppppppppppppeneneneneneneneneneneneeneeneneneeneeneeneneneendididdididdidididdididdiddidididididdidididiicucucucucucucucucucucucucucucucucucucccuccuccccucuuculalaaaaaaaaaaaaaaaaaaaaaaaaaaaar rrrrrrrrrrrr disttttttttttttttttttttananannanannanananananannnananananananananannananananaanaaanaaanaa cecececcecececececececececececeeeeceeeececeececeececceee ffffffffffffffffffrororororororoorororooroorororoom mmmmmmmmmmmmmmmmmmmmmmmmmmm B to ACC bebe hh.

1111111111111111144444444444444444 33333333333333333333333333333333 2222222222222222222222222222222

2288 66 2

hhhhhhhhhhhhhhh

h

4444 11111111111111111111114
22

2288
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3 Given that (1, )h is a solution of the simultaneous equations 1 2 3 0
x y

and 

6 0x ky , find the values of x and of y.   [5]

Solution:

21 3 0

2 2

1
h

h

h

1 (1) 6 0
5

k
k

1 2 3 0          --- (1)

5 6 0
6 5    --- (2)

x y
x y

x y
Sub (2) into (1): 

2

2

1 2 3 0
6 5

2(6 5 ) 3
(6 5 )

12 9 18 15

4    or   1
5
2    or   1

5 9 4 0
(5 4)( 1) 0

y y
y y

y y
y y

y y

y

x

y y
y

[M1] – Substitute (1,h) into both 
equations. 

[A1] – Correct values of h and k.

[M1]

[M1]

[A1]

2

2222222222222222

5 ))))))))))))))))))))))) 3
(6 5 )))))))))))))))))))))))))))))

12222222222222222222222222222222222 9 111111111111118888888888 155555555555555555555555555555555555

444444444444444444444444444444444    ooor   1111
555555555555555555555555555555
22     oorr   1

5 99 444444444444444444444444 00000000000000000000002222222222222222

4))))))))))))))))( 1))))))))))))))))))))))) 0

y5
y yyyyyy(6 5555555555555555555555555555

y yyyyyyyyyyyyyyyy1111111111111188

yy4)))))))))))((((((((((((((((

yyyyyyyyyyyyyyyyyyyyyyyyyyyyy

x

y y999999999999999999999999
y9

44444444444444
1)14)))))))(((((((((((((((

orrec

[MM1]1]
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5

4 Given that 
2

3 5

x

x
y e , find the range of values of x for which y is an increasing 

function.    [5]

Solution:

2

2 2

2

2 2 2

2

2 2

2

3 5
(3 5)( 2

(3 5)
6

(3 5)
6

(3 5)

) ( )(3)

10 3

7

x

x x

x x x

x x

e
x

dy x e
dx x

xe e

y

e

e

e

x
x e

x
For y to be an increasing function, 

2 2

2

6 0
(3 )

7
5

x xxe e
x

Since 2(3 5) 0x for all real values of x,
2 2

2

6 7 0
( 6 7) 0

x x

x

xe e
e x

Since 2 0xe ,
6 7 0

7
6

x

x

[M1]

[M1]

[M1] – condition stated

[M1] – condition stated

[A1]

real valueeeeeeeeeeeeees sss ofoooooooooooo  x,

) 0)
0000000000000000000000000000xe ,

7 0000000000000000
7777777777777777777
6666666666

x

77

[M[M1]1]

[M[M1]1] –– condition s

[M1]
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6
5 (i) Given that lg 2 x and lg3 y , find the value of 5log 24 in terms of x and 

y.   [4]

Solution:

(i)
5

3

lg 2424
lg5

lg(2 3)
10lg

3lg 2 lg3
lg10 lg 2
3
1

log

2

x y
x

[M1] 

[M1] – breaking into prime 
factors

[M1] – applying product or 
quotient law

[A1]

(ii) Express ln3 ln94 2 in the form 2m , where m is a constant. [2]

Solution:

(ii) ln3 ln9 2ln3 ln9

ln9 ln9

ln9

ln9 1 ln9 2ln3 1

4 2 2 2
2 2
2(2 )
2      or     2      or     2e

[M1] – ln3 ln94 2

[A1]

aw

[A1]

2m , ,,, where mmmmmmmmm iisisisisisisisisisisisisisisisisisisisisisisisisisisss aaaaaaaaaaaaaaaaaaaaaaaaaaa ccccccccccccccccccccccccccccccccccconooooonoooooooononononononnononoonononononoooononoononnonononooooooooooooooooooooo ststststssssss ant. 

2ln3 lnn999999999999999999999999999999999

ln9ln9ln9ln9ln9ln9ln999ln999l 99l 9ln999llllln9ll 99 lnln9lnlnlnlnlnllnllnllnlnlnlllnlnlnlnlnlnlnnlnnnnn

ln9ll

ln999999999999999999 1111111111111 l 9l 99999999999999999 2ln2ln3 13 1

22lnlnnnnnnnnnnnnnnn3

2 222222222222222222222222222ln9ln9ln9ln99ln99ln9ln9ll 9ln9ln9ln9ln9ln9l 9lln9l

2(((222222222222222222222222222 )))))))))))))))))99999ln99999999999

2222222222222222      oorrrrrrrrrrrrrrrrrrrrrrrrrrr       222222222222222222222222222222222222222      oooooooooooooooor     2222ln9999999999999999999999999999 11 nlnnln9nnnn1111111111 ln9nlnln9ln9ln9lnln9nnln999n9ln9999l 9 2ln2ln33or 22222222222222222222 ooooooooooor 2211111111 ln9ln9ln9n9ln9ln9ln9nnlnlnln9lnln9lnn9lnnn9n9lnll 9e

2 2222222222222222222222229 2lnlnnnnnnnlnlnnnnlnnnlnnnnnnlnnnnlnnnnn33

2ln9ln9ln9ln9ln99ln9ln9ln9lllll [MM1]1] –– ln3ln ln44 2ln3ln
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6 Express 
4

4 16
x

x
in partial fractions.     [6]

Solution:

44

4 4

4

16 16
16 16

161
16

x
x x

x

x

4 2 2

2

16 ( 4)( 4)
( 2)( 2)( 4)
x x
x x x

x

Let 2 2

16
( 2)( 2)( 4) 2 2 4

A B Cx D
x x x x x x

.

Multiply throughout by 2( 2)( 2)( 4)x x x ,  
2 24) ( 2)( 4)16 ( 2)( ( )( 2)( 2)B x x Cx D xA x x x

Let 2x ,
16 (4)(

1
2

8)A

A

Let 2x ,
16 ( 4)(8)

1
2

B

B

Let 0x ,
1 1(2)(4) ( 2)(4) ( 2)(2)
2 2
2

16 D

D

Let 1x ,
1 1(3)(5) ( 1)(5) ( 2)( 1)(3)
2 2
0

16 C

C

4

4

21
2( 2) 2(

1 1 2
16 2) 4

x
x x x x

[B1] – or long division

[B1] – Factorise denominator
completely

[B1]

[M2] – solve for A, B, C using 
substitution or comparing 
coefficients. 2 marks if all 
correct, 1 mark if 2 correct. 

[A1]

( )( 22222222))))))))))))))))))))((((((((((((((((((((( 22222222222222222222222222222222222222222222222222222)))))))( )()( 2222222222)))))))))))))))))))))))))))((((((((((((((((((((((((((( )()(

t 22222222222222222222222x 222222222222222222,,
16 ( 444444444444444444444444444444444)()()())))()()(()(()))))))))))) 8)

11111111111111
2222222222222222

(

0 ,
11111111111111111111111(4) (((( 222))))((((4444)))) ( 2111
222

) ( 2222))))((((4444)))) (

mple

[B[B1]
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8
7 Water flows out of a filled container of height 20 cm such that after t seconds, the

depth of water in the container is h cm and the volume of water left in the container 

is given by
2 2

10
10
h

V
h

. Given that the height of the water level is 

decreasing at a rate of 4 1t cm/s. find the rate of decrease of the volume of the 
water when 2t .   [6]

Solution:

2

3 2

2

2

10
10

3
10

10
10
2

4

h

h

dV h
d

h
V

h

h
h

23 (4 1)4
10

dV dV dh
dt dh d

h
t

h t

2

(4 1)

4 1 dt

= 2

dh t
dt
h t

t t c
When t =0, h = 20, c = 20. 

2 202 th t

When t = 2, h = 14 cm. 

2

3

4(14)
10

/

3(14) (4(2) 1)

450.8 cm s

dV
dt

Rate of decrease of the volume of water when 2t is 3450.8 cm /s .

[B1]

[M1]

[M1]

[M1]

[M1]

[A1]

2

(444444444 1)

4 14 14 14 14 14 11111114 1114 11111111111 dt

= 2

dt
h 444444444

t tttttttttt c2

(444

44444

2222222222222222ttttttttt 22

t =0=0=0=0=0000000000000000000000000000000000000,, hhhhhhhhhhhhhhhhhhhhh = 20202020220202020202002020020202202002020202000022222020220222200000,, ccccccccccccccccccccccccc =================== 20202020202020202020202202020202020020200202020202020022020000002222222 .

222222222222222222222222222222222200000000000000000000000tt

= 14

[B1

[M1]]



Crescent Girls’ School                     2020 Sec 4 A Math Prelims P1

9

8 It is given that tan 3
4

B where B is an acute angle. Without solving for B, find the 

exact value of  

(i) cos3B , [4]

Solution:

(i)

2

2

cos3 cos(2 )
cos 2 cos sin 2 sin
(2cos 1)(cos ) (2sin cos )(sin )

4 4 4
5 5 5 5 5

44
12

3 32 1 2

5

B B B
B B B B

B B B B B

[M1] – addition formula
[M1] – double angle

[M1]

[A1]

(ii) tan
2
B . [Hint: Use double angle formula.] [3]

Solution:

(ii)

2

2

2

2

2 tan
2

1 tan
2

2 tan3 2
4 1 tan

2

3 3tan 8 tan
2 2

3tan 8 tan 3 0
2 2

3tan 1 tan 3 0
2 2

1tan    or   3
2

n

3

ta

B

B

B

B

B B

B B

B B

B

B

Since tan 0
2
B , 1tan

2 3
B

.

[M1]

[M1]

[A1]

[M1]

[A[A1]1

ouble anglglglglglglglglglglglglglgle eeeeee fofofofffofffoffff rmulululullllulllllllla.a.a.a.a.a.aaaaaaaaa ]]]]]]]]]]]]

(ii)

2

222 t2222 t222 t2 t2 t22 t2 t22 t2 t2 t2 t22222222222 t2 t2222 tanananananananananananananananananananannannnannanaanaaanananaaaa
222222222222222222222222222222222222222

11111 t1111111111 an
22

2 t2 tan33
4

3

nta

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

BB

B

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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9 (i) Sketch the graph of ( ) 3 | 2 3 |f x x for 72 x , indicating the 

coordinates of the intercepts, endpoints and vertex clearly. [3]

Solution:

(i) B1 – Shape
B1 – Intercepts 
and vertex
B1 - Endpoints

(ii) State least positive value of 1
( )f x

.  [1]

Solution:

(ii) 1
3

[B1]

StStStStStStStStStStStStStStStStatatatatatatatatatatate eee leassttttttttttttttttttttttttttt posiiiiiiiiiiiiiiiiiiititititititititititititititititititiitititititttttiiiiit vevevvevevevevevevevevevevevvvevvvevevvevvvevevvveveev vvvvvvvvvvvvvvvvvvvvalalalllalalalllllalalaaaaa ueueueueueueueueueueuueueueueueueeuueueueueeueeeeeeeeeeeeee oooooooooooooff ff 1
( )( )f xf ((

.  
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(iii) State the range of values of m such that the line 2y mx intersects the graph 

at 2 distinct points.     [3]

Solution:

(iii) 2 ( 8)
0 7
10
7

m

3 2
1.5 0
2
3

m

10 2
7 3

m

[M1]

[M1]

[B1][B[B1]1]
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12
10 A company wants to produce open cylindrical containers with a capacity of 

36000 cm each.     

(i) Find the radius of the container if the company wants to minimize the amount 
of material used.      [4]

Solution:

(i) 2

2

2

6000
6000

r h
r h

h
r

V

2

2
2

2

6000

1200

2

2

0

A r rh

r r
r

r
r

2

120002dA r
dr r

For stationary value of A, 0dA
dr

2

3

3

120002 0

6000

600012.4 cm   or   

r
r

r

r

[M1]

[M1]

[M1]

[A1]

nary vvalalalaaaalaaaaaaalalaaaaaaaaaaaaaaaalaa ue of ffffffffffffffffffffffffffffffff AAAAAAAAAAAAAAAAAAAAAAAAAAA, 000000000000000000000000000000000dAA
dddddddddddddddddddddddddddr

2

33333333333333

33

1222222222222222222222222222000000000000000000000000000000002 00000002
12222222222220000000000

6666666666666666666666666666666666660000000000000000000000000000000000000000000

660000001111111111111111111111111111112222222222222222222222222222222222222222222222..4444444444444444444444444 cccccccccccccccccccccccmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm   or   

rrrrrrrrrrrrrr

r

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

[M[M1]1]

[M[M1]1]
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(ii) For the value of the radius found in (i), show that the amount of material used 

is minimum.   [2]

Solution:

(ii) 2

2 3

240002d A
dr r

When 3 6000r ,
2

2

240002
6000

6 0

d A
dr

Since 
2

2 0d A
dr

, the amount of material used is minimum

when r = 12.4 cm.

[M1] – accept first 
derivative test 

[A1] –
2

2 0d A
dr

must 

be stated with 
justification shown.
Must at least state r>0 if 
no substitution shown.

(iii) State an assumption made in your calculations above. [1]

Solution:

(iii) The thickness of the container is negligible. [B1]

mum

sta
justific
MuMustst at l
nono ssuubstitu

in your calalalalalllalallalllllcucucucuucucuucucucuucccccc lalalaalll tititititititiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioononononononoononoonononoonoononononnononoononnonononoononononnoononnnoooonnoononononnnnnnoonnnnononononnonononononnononoonnono s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss sssss ssssssss abababababababababababababababababababababababababababababababababababababababababbbbbabababbaaabbabaaababooovovovovovovovovovovovovovovovovovovovovovovovovvvvvvvvvvvvve.eeeeeeeee.eeeeee.e.e.eeeee.ee.e.e.e.e.e.e.e.e.e.e.e.e..e..  

e thicknknnknknknnnnknknnknknknknknnknknknnknnnnness ofofofofoofoofoffofoofofofooofoooooooooo tttttttttttttttttttttttttttthehehehehehehehehehehehehehehehehehehehhhhhhhhhhhhhh  cococcccccccccccccccccccccccccccconttaiaiiiaiaiaiiiaiaiaiaiaiaiaiaiaiaiaiaiaiaiaaaaa nenennnnnnnnnnnnnnnnnnnnnnnnnnnn r isisissisissisisisisisisisisisssissssssisisisssisisiiii nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnegligiblblblblblblblblblbllllbllblblbllblblbllbblblbblblbblbblbbbblbb e.e.e.e.e.e.ee.e.e.e.eeeeeeee.e.eeeeee... [B[B1]



Crescent Girls’ School                     2020 Sec 4 A Math Prelims P1

14
11 A radioactive substance decays according to the equation 15 btA e , where A is the 

mass in grams of radioactive substance remaining and t is the time in hours after the 
radioactive substance starts to decay.    

(i) Given that there are 10 grams of radioactive substance remaining after 30 
hours, verify that the value of b is 0.013516.  [2]

Solution:

(i)
30

30 10
15

1030 ln
15
1 10ln
30 15

0.01351

15
10 15

6

bt

b

b

b

b

A e
e

e [M1]

[A1]

(ii) Find the mass of radioactive substance left at the end of 1 week.    [1]

Solution:

(ii) 0.013516(7 24)15
1.55g

A e
[B1]

(iii) Find the number of hours for the radioactive substance to decay to half of its 
original mass.      [3]

Solution:

(iii) When 0t , 15A .

0.013516

0.013516

0.013516

15
2

1
2

10.013516 ln
2

51.3 hou

15

1

rs

5

t

t

t

A e

e

t

e

t

[B1] - as long students 
show understanding that 
A = 15 when t = 0. 

[M1]

[A1]

1]

[A[A1]1]

ss of radioooooooooooooooooooooooooooooooooooacacccccccccccccccccccccccccctivee ssssssssssssssssssubububuuuuubuubuuuuuuuuuuuuuububbststststststststststststststanannnnnnnnnnnnnnnnnnnnnnnnnnnncecc llllllllllefefefefefefefefefefefefeefefefefefefefefefeefeeeeffeeeefefeeft t ttttttttttt ttttttttttttttttttttttttt at the end oooof f f f 1111 we kkkek.    

on:

ii) 0.0135353535353535353535353535516(6(6(6(6(6(6(6(6(6(6(6(6(6(6(6(7 247 2222222222222222222222222222 ))))))))))))))))))))))))))))

1.55555555555555555555555555555555555555555555555555ggggggggggggggggggggggggggggg
AAAAAAAAAAA ee111111111111111111111111111111111115555555555555555555555555 0.013535355555555555516(6(6(6(((66(6(6(6(6(6(((6(7

nd tttttttttttttttthehehehehehehehhehehhhehehehehhehehehehehehhheheeeeeeeeeeeeeeeee nnnnnnnnnnnnnnnnnnnnnnnumuuuuuuuuuuuuuu ber r r r ofofofof hhhhoooours fo
inallllll maassss..      
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(iv) Find the rate at which the substance decays at 50t hours. [2]

Solution:

(iv) 0.013516

0.013516

1

0. 274

5

20

t

tdA
dt

A e

e

When 50t ,
0.013516(50)

0.103

0.20274dA
dt

e

The rate of radioactive decay at 50t hours is 0.103g/h.   

[M1]

[A1][A1]
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12 It is given that 1 3cos 2
2

( )f xx for 0 2x and ( ) 2sin
2

g x x for

0 2x .     
(i) State the period of ( )g x . [1]

Solution:

(i) period = 2
1
2

4 [B1]

(ii) State the least and greatest values of ( )f x . [1]

Solution:

(ii) least value of ( ) 2.5
greatest value of ( ) 3.5

f x
f x

[B1] – Both correct

(iii) Sketch, on the same axes, the graphs of ( )y f x and ( )y g x for
0 2x .  

[4]

Solution:

(iii) For each graph: 
B1 – shape
B1 – correct 
periods and 
max/min points

( )y f x

( )y g x

[B[B1]1] –– BoBoth co

same e eeeeeeeeeeee eeeeeeeeeeeee axaxaxaxaaxaxaxaxaxaxaxaxaxaxaxaxaxaxaaxaxaxxaaaaxesesesesesesessesesssssssssssssssssssssss,, ,,,,,,,,,,,,,,,,,,, ththththhhthhththhhhttt eeeeeeeeeeeee grapapapapapappapapapappappappppppppppppppppppphshshhhhhhhhhhhhhhhhhhhhhhhhhhhh  of (( )y ffff (( anand d (( ))y gg(( for
 

n:

ii)
((((((((((( )yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy fffffffffffffffffffffffffffff ((((((((((((((((((((((((((
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(iv) Hence, state the number of solutions of the equation 6cos 2 4sin 1
2

x x

for 0 2x . [1]

Solution:

(iv)
2

1 3cos 2
2

6cos 2 4sin 1

n
2

2si

x

x x

x

Number of solutions = 4 [B1]

(v) Determine the value of k for which the equation 1 3cos 2 2sin
2 2

xx k

has one solution. [1]

Solution:

(v) 4.5k [B1]

3cooss 22 2s
2

2si3cooss 22 2si

[B[B1]1]
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13 (i) Find the coordinates of the foot of the perpendicular from A(3, 11) to the line 

l, 2 4 25x y .     [4]

Solution:

(i) 2 4 25
1 25
2 4

x y

y x

Gradient of perpendicular = 2

Equation of perpendicular line: 
11 2( 3)

2 5
y x

y x

2 4 25         --- (1)
2 5   --- (2)

x y
y x

Sub (2) into (1): 
2 4(2 5) 25

10 5
0.5
6

x x
x
x
y

Coordinates are (0.5, 6). 

[B1]

[M1]

[M1]

[A1]

(ii) Hence, calculate the perpendicular distance from A to the line l. [2]

Solution:

(ii) 2 2(3 0.5) (11 6)

31.25
5.59 units (3sf)

perpendicular distance from  to A l [M1]

[A1]

(iii) If B is the reflection of A in the line l, find the coordinates of B.  [2]

Solution:

(iii) Let the coordinates of B be (x, y).
3 11,  0.5,  6

2 2
x y

3 0.5
2

2

x

x

11 6
2

1

y

y

( 2,  1)B

[M1]

[A1]

6
es are (0(0(((((((((((((((((((((((((( .5, 6)6))6)6)6))6)6)6)66)6)6)6)66)666)666)666)6)6)6)6)6))6666)6))))))))))))))).

[M[M1]1]

[A1]1]

Hencncncccnccccccccnccccce,eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ccccccccccccccalalalalalalalalalalalalalalalalcuccccccc laatettttetttttttttttttttttttttttttttt  theheheeheehehehehehehehehheheheheeeeheheeeeeeeeeeeheeeeeheehe ppppppppppppppppppppppppppppppppererererererererererereerereereeererereererrrrrrrrrrrpepepeepepepepepeepeepepeeepeeeepeeeepepepepepppppppppppp ndndnddndndndndndnddndndddndndndndndndnndnnndndndndddicicicicicicicciciciciciccicicicicccicccccici ululululuululululullulululululuululululuuuuuu ar ddddddddddddddddddddddddddddddddddisisisisisiisisisisisisisisissisisisisisisiisisiiiissssi tatatatattatatatatatatatatattatattatttattaaaaatt ncncncncncncncncncccncncncncnccncncnnncnncnccnccncnccncncnccccnn eeeeeeeeeeeeeeeeeeeeeee frfrfrffffrfrfffffrffffffrfrfrfrfffrfrfrfrfrfrfrffffff omomoooooooooooooooooo  A too thehe llinine l

Soluuuutititttttttttttttt ononononononnononnnononnnonnnnnnnnnnnnnn::

(perrrrrrrrrrrrrrrrpppppppppppppppppppppppppppppppeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnndddddddddddddddddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicccccccccccuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuulllllllllllllllllllllllaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrr dddddddddddddddddddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisssssssssssssssssssssssssssssttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnncccccce froooommmm    o l ttoo 

he
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation 02 cbxax ,

a
acbbx

2
42

Binomial expansion
1 2 2( ) ... ...

1 2
n n n n n r r nn n n

a b a a b a b a b b
r

,

where n is a positive integer and ! ( )...( 1)
!( )! !

n n n n r n r
r r n r r

2. TRIGONOMETRY

Identities
1cossin 22 AA
AA 22 tan1sec

2 2cosec 1 cotA A

BABABA sincoscossin)sin(
cos( ) cos cos sin sinA B A B A Bm

tan tantan( )
1 tan tan

A BA B
A Bm

sin2 2sin cosA A A
AAAAA 2222 sin211cos2sincos2cos

A
AA 2tan1

tan22tan

Formulae for ABC

C
c

B
b

A
a

sinsinsin
Abccba cos2222

= 1 sin
2

bc A

.( 11))
!

.(.(

TRIGGGGGGGGGGGGGGGGGGGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONOMMMMMMMMMMMMMMMMMMMMMMMMMMMEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

1cosssssssssssssssssssssssssssssssssinnnnnnn 222 cccosssssssssssssssssssssssssssss
AA 22 tttttttttttttttttttan1ssseeeeeeeeeecccccccccccccccccccccccccccccccc AAAAAAAAAAAAAAAAAAAAAAAAAAAA2 111111111111111111111

2 2222222222222222222222coossssssssssssssssssssssssssssssseeeeeeeeeeeeeeccccccccccccccccccccccccc 1 ccccccccccccccccoooooooooottttt2 A22222222222222222222221 cccccccccccccccccccccccccccccccccoooooooooooooooooooooooooooooooooooootttttttttt11

Bsinccccoooossssccccccoossssssssiiiiinnnn)))siinnnnnnnnnnnnnnnnn((((((((((((((((((((((((((((((((( AAAABBAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA BBBBBBBBBBBBBBBBBBBBBBBB
cos((((((( )) cccccccccccoos coooossss siiiin i) cccccccccccccccccccccccccccccccooooooooooooooooooooooooooooooooooooossssssssssssssssssssss ccccccccccccoooossss ssssiiiin sin)

tatanntatatatatataatataataatatttaaaaaaaaan(nn(n(nn(n(n(n(n(nn(n(n(((nn(n(((n(n(n((n((n(nn(nn ))))
1 t

A ta))

sin2
2co22cooss AA 2
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3 2( ) 2 7P x x cx

1 2 (2)
2

P P [M1]

3 2
3 21 12 7 2 2(2) (2) 7

2 2
c c

1 7 46 8
4 4

c c [M1]

31 155
4 4

c 5c [A1]

3 2( ) 2 5 7P x x x
3 2( 1) 2( 1) 5( 1) 7P

= 0 [M1]
By Factor Theorem, 1x is a factor of ( ).P x

3 2 22 5 7 ( 1)(2 7)x x x x px
Compare coeff of x: 0 7 p [M1] – long division, synthetic division             

7p
( ) 0P x

2( 1)(2 7 7) 0x x x

1x or
27 ( 7) 4(2)(7)

2(2)
x [M1] – or find discriminant

= 7 7
4

(no real root)

there is only one real root, i.e. 1x in the equation ( ) 0P x . [A1] – with appropriate conclusion

[Turn over

1 The equation of a polynomial is given by 3 2( ) 2 7P x x cx . The remainder when 
( )P x is divided by 2 1x is twice the remainder when ( )P x is divided by 2x .

(i) Show that the value of c is 5. [3]

(ii) Using the value of c in part (i), explain why the equation ( ) 0P x has only 
one real root. [4]

M1]

[A[A1]1]

7
3 22( 1) 5( 1)))))))))))))))) 777777777777777777777777777777773 22( 1) 5( 1111111111111))))))))))))))))1) 53 2

= 000000000000000000000000000
ctor rrrrrrrrrrrrrr ThThThThThThThThThThThheoeoeoeeeoeoeoeoeoeeeeoeoeeeeoeeeeeeeeeeeee rerererrerrererererererrererrerrererrerrerrererererereeeeeem,mmmmmmmmmmmmmmmmm  1111111111111111x isisisisissisisisisisisisisssisisisii  a facacccccccccccccccccccccccccccctototoototottotototototottototottootttototoototooooorrrr r r r rrrrrrr r ofofofofofofofofofofofofofofofofoooofofofofoffofoofooooooo  ((((((((((( ))))))))))))))))).PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP(((((((((((((((((((((((((((((((((((

2 2277 ( 1))(((((((((((((((((((((((22222222222222222222 77777777777777777777777777))))))))))))))))))2 2 ppppppp77777777777 ( 1)))))))))))((27777 ( 1)((222222222222222222222222222(2 27777777777777777 ( 111111111111111111111111)))))))))))))))))))))))))))((((((((((((((2222222222222222222222222222(
coefffffffffffffffff f f fffffffffff ff ooofofofooooooooooofoooooooooooofooooo   xxxxxxxxxxxxxxxxxxx::::::::::::::::::::::::::::: 0000000000000000000000 777777777777777777777 ppppppppppppppppppppppppppppppp77777777777777777777777777777777

77777777777777777777pp

777777777777777777777)) 00007)
2( 7(( 7)2(( 7)2

f c innnn pppppppppppppppppppppppppppppppararararaaaaararaararaararaarararararrrrrrrrt ttttttttttt (i(i(i(i(i(i(i(i(i(i(ii(i(i),),),),),),),))))))) eeeeeeeeeeeeexplaininininininininininininininin wwwwwwwwwwwwwwwwwwwwhy tttttttttthhhehhhhhhehehehhehehehhehhehehhhehehehhehehhhhhhhhehhhhehhehhhehhehhhhehhhhhhhhhhhhhhhhehhhehehhe equatatatatioooonnnn (( )) 0P(( haas s ononly 
t.
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5 7
2

t
ts e

e

When ln 2t , ln 2
ln 2

5 7
2

s e
e

= 6.25 m
The distance of the particle from O is 6.25 m. [B1]

When t = 0, s = 8.5 m. The particle is moving towards O at ln 2t . [B1][B1]

5 7
2

t
t es e

5
2

t
tds ev e

dt
[M1]

5 5.5
2

t
te

e

Let ty e
22 11 5 0y y [M1]

(2 1)( 5) 0y y
0.5y or 5 [A1] – Both correct
0.5te or 5te

ln0.5t or ln5t
= 0.693 (rejected) or 1.61t [A1] – must reject neg value

t = 1.61 

2 A particle moves in a straight line so that after t seconds, its distance, s metres, from 

a fixed point O is given by 5 7
2

t
ts e

e
.

(i) Find the distance of the particle from O when ln 2t .
By comparing with the instant when the particle first moves off, determine if
the particle is moving towards or away from O at ln 2.t [3]

(ii) Find the value of t when the velocity, v = 5.5 m/s. [4]

[B1

ds O at llnn 22t .. [B1][B

5
2222222222222222222222

ttttttttttttttttttttttttttt
t eeeeeeeeeeeeeeeeeeeeeeeeeeeeee5te

dt
te

5555.5555555555555

0
0

when theeeeee vvvvvvvvvvveeleleeeeeeeeee ocity,y,y,y,,,y,y,,y,,,, vvvvvvvvvvvv = 5.555555555555555 5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555 m/m/mmmmmm/m/mm/m/m/m/m/m/mm/mmmmm/m/mm/m/mmmm/m/m/mm/m/mm/m/mmm/mm/m/mmmmm/m/m/mm//m/m/mm/m/mmmmmmmmmmm/mmm/mmmmmmmmm/mmmmmmmmmmmmm/mmmmmmmmm ssssssssssssssssssss.
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2 2cos (2)(cos )( sin ) (cos )(1)d x x x x x x
dx

[M1] – product rule

= 2sin 2 cosx x x [A1]- Accept 2xsinxcosx + cos2x

2 2cos sin 2 cosd x x x x x
dx

2 2cos sin 2 1 sind x x x x x
dx

[M1] -- 2 2cos 1 sinx x

2 2sin sin 2 1 cosdx x x x x
dx

2
4

0

sin sin 2
2

x x x dx = 24 4
00

1 1 cos
2 2

dx x x [M1]

= 2 4
0

1 cos
2

x x x [M1]

= 1 1( ) 0
2 4 4 2

=
16

[A1]— must show substitution

[Turn over

3 (i) Differentiate 2cosx x with respect to x. [2]

(ii) Hence show that 
2

4
0

sin sin 2
2

x x x dx =
16

. [4]

[MM1]1] --- 2ccos2

dx = 44 4444444444444444444
000000000000000

1 1
2222222222222222222222222222 222222222222222222222222222

dx 11 222222ccoooooooosxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxx222222222222cccccccccccccccccccccccccccooooooooooooooooooooooooss
0

[M[M1]1]

================ 4
0000000000000000000000000

11111111111111111111111
2

22222222222coooooossssxxxxxx xxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxcoooosssssssssssssss

= 11111111111111111
22222222222222222222222

1111111111111(((( )((((((((((((((((((( 01( )((( 0000( )((((((((((( 0( )
444444444444444444444444444 24 222

( ) 00
44444444444444444444444444444 4 2

(

=
1166
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23 8 0x x k
2 4 0b ac
28 4(3) 0k [M1]

15
3

k [A1]

2 7 9 0px qx p has equal roots, 2 4 0b ac

2(7 ) 4( )(9 ) 0q p p [M1]

2 249 36 0q p

(7 6 )(7 6 ) 0q p q p [M1]

7
6

p
q (rejected since p and q are positive) or 

7
6

p
q

p : q = 7 : 6 [A1] – Must reject neg value

2 7 9 0px qx p

2 7 9 0qx x
p

2 67 9 0
7

x x

2 6 9 0x x
2( 3) 0 3x x [B1]

4 (a) Find the range of values of k for which 23 8x x k is always positive. [2]

(b) The equation 2 7 9 0px qx p has equal roots. Given that p and q are 
positive, find the ratio p : q and solve the equation. [4]

Alt mtd:

Let the root be .

7Sum of roots, 2

6                       7
7

                           = 3

q
p

0 has eqeqeqeqqeqeqeqeeqeeeqqeeqeqqqqqqqqqqqqqqquauauauauuauauuauauauuauauuauuuauauauuuuuuuuaau l llllllllllllllllllll rororrrrrrrrrrrrrrrrrrrrrrr ots, 2 0b2 444444444444444444444444444444444444444444444444

( )(9 )))))))))))))))))))))))))))))) 00000000000000p pppp4( )(99)( )))))))))))))))))4( )(9)( [M[M1]

236666666 0000000000000000000000000000000000002222pppppppppppppppp366666666666666636666666666666666

)(777 6 )) 00000000000000qq p(7 66)(7 6 ))(7 66

ed sinnnnnnnnnnnncccece ce ce ce ceeccce ceecccc pppppppppppppppppppppppppppppppppp andandanandanandanandanandandanananandandndandandndndnd q are positsitiveive)) oror 
7pp

q

9 0qx pppppppppppppppppppppppppppp999999 hahahahahahahahahahahahahahahas ssssssssss eqeqquauauauauauuauauauauauauauaaaaaaauauaaaaaaaaaaaauuaauaaauuauuauaauauaauaaaaaaaaaaaaaaaaaaaaalllllllllllllllllllllllllllllllllllllllllllllll l l l l ll l rororrrorrrorororoorororororoooroororroororooorororrorroroooooooroororooororrrrorrrorrorrorrorororoooororrrrroooooooooototototototototootototototootototototototototototototototottotootottoottotottoooo sssssssssss.sssssss.sss.s.s............. GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGivivivivenenenen tttthahahahatttt pp aand q are 
ratioo  ppppppppppppppppppppppppppppppp ::::::::::::::: qqqqqqqqqqqqqqqqqqqqqqqq annnnnnnnnnnnnnd d ddddd d ddddd sossssss lve thththththththhhthththttttttthtththeeeeeeeeeeeeeeeeeeeeeeeee equauaaaatititititititititititititititititittttttt on. [
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2 21 1(8) sin (4) sin
2 2 2

S [M1] – Using 1 sin
2

ab C

Since sin cos
2

, [M1] – need to specify

32sin 8cosS [A1]

32sin 8cos sinR

2 232 8R [M1]

= 8 17

1 8tan
32

[M1]

= 0.24498

8 17 sin 0.245S [A1]

8 17 sin 0.24498 32

4sin 0.24498
17

[M1]

Basic angle = 1.3258
1.3258 0.24498

= 1.08 [A1] [Turn over

5 The diagram shows two isosceles 
triangles OAB and COD.
OA = OB = 4 cm, OC = OD = 8 cm, 

angle AOD =
2

and angle COD = .

The sum of the areas of triangles OAB
and OCD is S cm2.

(i) Show that S can be expressed in the form sin cos ,p q where p and q are 
constants. [3]

(ii) Express S in the form sin( )R where R > 0 and 0
2

.

Given that the sum of the areas of triangles OAB and OCD is 32 cm2, find the 
value of . [5]

[M[M[M[M[M[M[MMM[M[[MM[M[M[M[M[M[MMMM[M[M[M[MM[M[[M[[M[MM[MM[[MM[M[MMM[MMMMMM[M[M[M[M[M1111] – UsiUsingng 11
2

ab Csin

[M[M11] –– neneeded to spspececififyy

os [A[A1]1]

cos siiiiiiiiiinnnnnnnnncosssssssssssssss ssssssssssssssssssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnn

coss ,qn cossco whwhere p

(iii))))))))))))))))))))))))))) ExExEExExExEExExExExExExEExEExEEExEEExExEEExEEEEExxxprpppppppppppppppppp ess sssssssssssss SSSSSSSSSSSSSSSS iniiiii tttttttttttttttttttttttttttheheheeeheheheeeeeeheeeeeeeeeeeeeeeeeeee fffffffffffffform mmmmmm sssssssssssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnn((((((((((((((((((((((((((((((( )))))))))))))))))))))))RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR (((( )) whwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww ere R >> 00 aand 0

GiGiGiGiGiGiGiGiGiGiGiGGiGiGiGiGiGiGGiiiGiiiveveveveveeveeeveveeeveeeeveeeeeeven n nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn tht atttttttttttttt tthehehehehehheheheheheheheheheheheheheeheheheeeeeeeehhh ssummmmmmmmmmmmmm ooooooooooooooooooooooooooooooooooooof f f fff f fff ffff ffff fffff f fffffffff thththththhthththththhthththtttttt eeeeeeeeeeeeeeeeeeeeeeee areas offff ttttririririananananglglglgles OAB
vavavavvvavvvvvvavvavvvvavavavalue ofofofofofofofofofofofofoofofofofoofooooofoooooffffffffff .
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( )A x px q

A px q
x

[M1]

Plot A
x

against x

x 50 100 150 200 250
A
x

76 105 136 165 194

[B1] – Table of values
Appropriate scale with labelled axes [B1]
All points plotted correctly and joined with best-fit straight line [B1]

From the graph, 

Gradient, 180 100
225 90

p

= 0.59 [B1] Accept 0.58 0.62

46q [B1] Accept 45 to 47

(ii) On the same diagram, draw the straight line representing the equation 2A x
and explain the significance of the value of x given by the point of intersection 
of the two lines. [3]

2A x

Insert A x
x

Correct line inserted and equation labelled [B1]

The intersection of the graphs A px q
x

and A x
x

give x = 115 [B1] – Accept 110 120

which happens when the rectangle is a square. [B1]

6 A rectangle of area A m2 has sides measuring x m by ( )px q m, where p and q are 
constants and x and A are variables. Values of x and A are given in the table below.

x 50 100 150 200 250
A 3800 10 500 20 400 33 000 48 500

(i) Using suitable variables, draw, on the grid opposite, a straight line graph and 
hence estimate the value of each of the constants p and q. [6]

25500

165 191944

[B[B1]1] – Table of v
s [B[B1]1]

nd joineneneneneneneneeneeeneeneneneneneneneeneneneeenenn d d dd dddddddddddddddddddddddddddd wiwiwwiwiwiwiwiwiwiwiwiwiwiwwiwiwiwiwiwiwwiwwwwiiiiiiiiiiiththhhhhhhhhhhhh bbbbbbbbbbbbbeeseeeeeeeeeee t-fit stststststststststststsssssssssssss rararrrrrrrrrrrrrrrrrrrrrrrrrr ighth llllllllllllllllllllliine [BB1]1]

1800 11111111100
2222222222222222222222222222225 99999999999999990000000000000000

p

== 0.0.0.0.0.0.0.0.00.0000000.00 59

sammmmmmmmmmmmmmmmmmmeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee dididdididididididididdidddididiidiagagggggggggggggggggggggggggggrararararararararrarararararararaaraarrararararrararaammmmmmmmm,mmmmmmmmmmmmmmmmmmmm  draaaaw www ththththeeee stss raigh
lain thththththththththththththhhhhhhhhhththhhhhhhhhhththhhhhhtthttheeeeee eeeeeeeee siignifffficicicicanananancccec  of th

lines..
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[Turn over
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Alternative Method

(i) ( )A x px q

2

A q p
x x

[M1]

Plot 2

A
x

against 1
x

1
x

0.020 0.010 0.0067 0.0050 0.0040

2

A
x

1.52 1.05 0.907 0.825 0.776

[B1] – Table of values
Appropriate scale with labelled axes [B1]
All points plotted correctly and joined with best-fit straight line [B1]

From the graph, 

Gradient, 1.35 0.776
0.01625 0.0040

q

= 46.9 [B1] Accept 45 to 47

0.59p [B1] Accept 0.58 0.62

(ii) 2A x

2 1A
x

Correct line inserted and equation labelled [B1]

The intersection 2

A q p
x x

and 2 1A
x

give 1
0.0875

x =114 [B1] – Accept 110 120

which happens when the rectangle is a square. [B1]

1] –
[B1]
[B[B1]1]

[B[B1]1] AAccept 45 to

[B[B11] AcAcceceptpt 00.58 

2 1A
x
t linenenenenenenenenenenenenenenene iiiiiiiiiiiiiiiiiiiiiiiinsnsnsnsnsnsnsnsnsnsnsnsnsnsnnnsnnnnnsnnnsnssssserererererereeereereeererereeerereeeeeeeeereeeeertetetetettetetetetetetetetetetetetettteeteeeeeeeeed d ddddddd ddddddddddddddd ana d d d ddddddddddd eqeqeqeqeqeqeqeqeqeeqeqeqqqeqeqeqqqqqqqqee uau tiononononononnnononononnnonononononnnonnonnonnnnoononononnooooo lllllllllllllllllllllllllllaabababababababababababababababababaabbbabbabbaaaaaaaa elelelelelelllllellllleleelelellleeellelllelllll d

ectititiiiititititiititititiionononononononnnnonoooooooo  222222222222222222222222222

AAAAAAAAAAAAAAAAAAAAAAAA q pppppppppppppppppppppppppppppppppppppppppppp
xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

q ananananananananannnanannnananannd dddddddddddddddddddddd 2 11AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
xx

gigiveve x

ns whwwhwhwhwhwhwhwhwhwhwhwwhwhwhwhwhwhwwhwhwhhhhhhhhhhhhhhhhheneneneneeneeneneneneeeneneeeen ttheheeheheheheheheheheheheheheheheheheehehhheehehehehhheee rerererererererereerereererrerrreerrrrererreectannnnglglglgle e e e isisisis aaaa squa
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cosec cot 4x x
(cosec cot )(cosec cot ) 4(cosec cot )x x x x x x [M1]

2 2cosec cot 4cosec 4cotx x x x
2 2(1 cot ) cot 4(cosec cot )x x x x [M1]

1cosec cot
4

x x (shown) [A1]

cosec cot 4x x ----- (1)
1cosec cot
4

x x ----- (2)

(1) + (2) : 172cosec
4

x [M1] -- Solve simultaneous eqns

17cosec
8

x 8sin
17

x

Hence 15cos
17

x 17sec
15

x [A1]

2

2

1 2cos 43
sin 3

2 23 6cos 43sin
2 23 6(1 sin ) 43sin [M1]

249sin 9
3sin
7

or  3sin
7

(rejected since 90 180o o ) [A1]

2 10cos
7

[B1]

3
sin 7

1 cos 2 101
7

= 3 7 2 10
7 2 10 7 2 10

[M1]

= 1 7 2 10
3

[A1]

7 (a) Given that cosec cot 4x x and x is acute, show that 1cosec cot
4

x x .

Hence find the value of sec x . [5]

(b) Given that 
2

2

1 2cos 43
sin 3

for 90 180o o , find the value of sin
1 cos

,

giving your answer in the form 1
3

a b c where a, b and c are integers. [5]

[M[M1]1] -- Solv

8
17

x

15
11111111111111111111111111111111111777777777777777777777777

x 111111111111111777777777777777sssssssseeeeeeeeeeeeeeccccccccccccc
15

xxxxxx [AA1]1]

222222222222222222222222

222222222222222

1111111111111111 2222222222cos 444444444444444444444444444444444444444443333333333333333333333333333222

sssssssssssssssssssssssssiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 33333333333333333333333333322222222222222

2 22 223 6666666666666666cccccccccoooooooooooos2 2243sinnnn66666666666666ccccccccccccccccccccoooooooooooooooooooooooooos2

2 26(1111111111111111 sin )))) 3s2 2)) 443sin6(1111 sin2 ))
2n 992

3

Giveeeeeeeeeeeeeeen n nnnnnnnnnnnnnnnnnnn nn n that 
222

222222222222222222

11111111111 222222222222222222222222222222ccos 43333333333333333333333333332

ssssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnn 333333333333333333333333333222 for 900000000000000000000000000000000000 180o oooooooooooo 180 , , fifindnd tthehe valu

gigigigigigigigigigigigigigiiiigiiigigigigg ving yyyyyyyyyyyyyyouououououououououououououuouur anaanananananannanananannananannanananannananannananaaaa sws er in n nnnnnnnnnnnnnnnnnnnnnnnnnnn ththththththththththththththhhhththththtthththhhhhhthththttt e e e eee eeeeee e eeeeeeeeeeeeeeeee fofofofofoofofofofofofofoofoofofofofofofofoffoofoooofooooofff rmrmrmrmrmrmmmrmrmrmrmrmrmrmrmmrmrmrmrmrrmrmrrmmrmrmmmmmmmmmmmmmmrmrmmmmr  1111111111111111111111111
33333333333333333333

whwhere
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Alternative method for 7(a)
cosec cot 4x x

1 cos 4
sin sinx x
1 cos 4sinx x
Squaring both sides and applying 2 2sin 1 cosx x

2 21 2cos cos 16 1 cosx x x [M1]
217cos 2cos 15 0x x

(17cos 15)(cos 1) 0x x [M1]
15cos
17

x or   cos 1x (NA since x is acute)

1 17cos
sin 8

ecx
x

1 15cot
tan 8

x
x

17 15 1cosec cot
8 8 4

x x (shown) [A1] – with correct workings above, must reject 1

1sec
cos

x
x

[M1]—with sketch or working 

17
15

[A1]

15

17
8

x

[A1] – withhhh ccccororororrerererectctctct wororororkkkik ngs above

[MMM1]1]1]1]1]1]1]1]1]1]1]1]1]1]]1]1]]1]]]]]]]]]————————————————————wiwiwiwiwiwiwiiiwiwiwiiwiwiwiwiiiwiwiiwiiwiwiiiwiwiwiiwiwiiwwiwwiwwwiwwiwiiwwwiwiiwiwiwiwiwiwiwiwiwiwiiththththththththththththththththththththththththhhhthhhhthhhththhhhhhhhhhhhthhthhththththththththhhhhhththh sssssssssskekkkkkk tch h h h orororor wwwwoorking ————

[A[[[[[[[[[[[[[[[ 1]1]1]1]]]]]]]]]]]]]]]]]]]]
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Sum of roots, 3

Product of roots, 
2
k [B1]

2 2 2( ) 2
= 2( ) 4 [M1]

= 2( 3) 4
2
k

= 9 2k [A1]

22 6 0x x k has no real roots, 2 4 0b ac
36 4(2)( ) 0k [M1]

4.5k [A1]
Smallest integer value of k is 5. [B1]

New sum of roots, 
2 2

=
3 3

=
2 2( )( )

[M1]

=
2( ) ( ) 3

[M1]

=
2( 3) ( 3) 3(2.5)

2.5

= 9
5

[A1]

New product of roots, 
2

.
2

= 5
2

[B1]

Quadratic equation is 2 9 5 0
5 2

x x

210 18 25 0x x [B1]

[Turn over

8 The quadratic equation 22 6 0x x k has roots and .

(i) Find the value of 2( ) in terms of k. [3]

(ii) Find the smallest integer value of k if the equation has no x-intercept. [3]

(iii) Given that the value of k is 5, find a quadratic equation whose roots are
2

and 
2

. [5]

[MM1]1]
[A[A1]1]
[B[B1]1]

m offfffffffffffff rrrrrrrrrrrrrrrroooooooooooooooooooooots, 
2 22222222222222222222222

===============
3 33333333333 3

==
2(( 2( )( 2)(

ion has noo xx-intetercept

Given tht at thhhhhhhhhhhhhhhhhhhhhhhhhhhhhhe e eee vavavavavavvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv lulululullululululululullululululululululululluuuuuuue off kkkkkkkkkkkkkkkkkkkkkkkkkkkkk is 5, , , ,,,,,,,,,,,,,,,,,, fififififiiififififiififiiififiifiififiiiififiiiififinnd a quauauauauauauauauauauaauauauaauaauaauauauaaauauauuuuuuaauaauaadrdrdrdrdrdddrdrdrdrdddrdrdrdrdrdrdrdrdrdrdrdrddrddrrrrrdrrdrrrrrrdrrddddd atatatatatatatatattattttatatatatatttticiciiiiciiii  equation nnn whwhwhw osososose root
22222222222222

anndddd dddddddddd
2222222222222222222222222

.
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1412x
x

14
1

14 12
r

r
rT x

r x
[M1]

14 14 214
2 1 ( )r r rx

r

14 2 4r [M1]
2 18r r = 9

Coefficient of 4

1
x

is 14 9 914
2 1

9

= 64 064 [A1]

nbax
x

4th term r = 3 [B1]
3

3
4 3

nn bT ax
x

[B1]

9 (a) Find the coefficient of 4

1
x

in 
1412x

x
. [3]

(b) (i) Write down, without simplifying, the fourth term in the binomial expansion of 
nbax

x
. [2]

[M1]

[A[AAAAA[A[AAAAAAAA1]1]1]1]

(iii) ))))))))))))))) WWWWWWWWWWWWWWWWWWWWWWWWWWWriririririririiriririririririririririririiiitetetetetetetetetettetetettetetetetettteeteeeeeeeee ddowwwwwwwwwwwwwwnnnnnnnnnnnnnn,, wiwiwwiwiwiwiwiwiwiwwwiwwwwwiwwiwwiwiwiwwwwwwwwww thttttttttttttt ouuuuuuuut t tt t t tttttttt t ttttttt ttt tttt sisisisisisisisisisisisissisisississsisisisisiisisissiisss mpmpmmpmpmpmppmpmpmpmpmpmpmppmpmppppppppppppmppmpplillllllllll fyinininininiiiiiniiniiiniiiiiiniiiiiiiinningg, thththhthe e e e fofofofoururururthththth term
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnbbbbbbbbbbbbbbbbbbbbbbbbbbbbaaaaaaaaaaax b

xxxxxxxxxxxxxxxxxxxxxx
aaaaaaaaax

x
..............
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3 63
4

( 1)( 2) ( )
6

n nn n nT a b x [M1] -- 6nx

Constant term, 6 0n
6n [A1]

6 3 3
4

6(5)(4) ( ) 160
6

T a b [M1]

3 320 160a b

2ab ------------- (1)
1a b -------- (2)     [M1] – Solve simultaneous eqns

Sub (2) into (1): (1 ) 2b b

2 2 0b b
( 2)( 1) 0b b

2b (rejected since b > 0)    or b = 1 [A1] – must reject neg value

Hence a = 2 [A1] 

[Turn over

(ii) If this term is a constant term, find the value of n. [2]

(iii) The fourth term of the binomial expansion is 160 and 1a b where both a
and b are positive.
Use the value of n in part (ii) to calculate the value of a and of b. [4]

[M[M[M[[[[M[[[M[M[M[M[M[M[M[M[M[M[M[M[M[[M[M[M[M[[[[M[M[M[M[[[M[M[M[M[M[M[M[M[MM[MMMMMMMM1]1]1]1]1]1]1]11]1111]1]11]1]1]1]1]11]1]1]1]11]11]1]1]1]1]1]1]1]1]1]1]1]1]1]]]]]]]]]]]]]

2 ------------------------------------------------- -- (1(1(11(1(1(11(1(1(1(1(111111(1(1(1(1(1(1((((1( )))))))))))))))))))))))))
a bbbbbbbb11 -------- (2)    [M1] – Soolvlvee sisimumultl aneou

(2) intotoooooootoootooootototototoootootootootoooo ((((((((((((((((((((((((((11)1)1)1)1)1))))1)1)1))1)1)1)111 : : : ::::::::::::: ((111 )) 222222222222222222222222222222bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb(1111111111111111 )))))))))))))))))))))))))

22222222222222222222222 2 00000000000000000000000000000bbbbbbbbbbb b2222222222222222222222 2b
(((((((((((( )(((((((((( 1111111111111111111))))))))))))))))))))))))))) 0000000000000000022)() 1111111111111111111111111111))))))2)(

222222222222222222 (r(r(r(r(r(r(r(r(r(r(rejectetttttttt ddd sincncncnccncncncncncncncncncncnccncnccncnncncnnnncncccccnnccncceeeeeeeeee e eee eeeeee eeeee bbbbbbbbbbbbbbbb >>>>>>>>>>>>>>> 0)0)0)0)0)0)0))0))00)0)0)0)0))0)))00)))0)0)))))))))))))0)000     orrrr bb == 1

e a ======================= 2222222222222222222222

a and d ofo  b.
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A = (4, 0) and B = (0, 3). The centre C must lie on the perpendicular bisectors of OA and OB.
Hence C = (2, 1.5). [B1]

Radius of circle, 
2

2 32
2

OC [M1]

= 5
2

units

Equation of circle is 
2

2 3 25( 2)
2 4

x y [M1]

2 2 9 254 4 3
4 4

x x y y

2 2 4 3 0x y x y [A1]

0 0 3, 2,
2 2 2

a b
[M1]

Therefore, D(4, 3). [A1]

10 A circle with centre C, passes through the origin and has x-intercept of 4 at point A
and y-intercept of 3 at point B.

(i) Explain why the centre of the circle is (2, 1.5). [1]

(ii) Determine the equation of the circle in the general form. [3]

(iii) OD is a diameter of the circle. Find the coordinates of D. [2]

[M[M1]1]

2 2222222222222225555555555552

444444444444444
33y
222222222222222

yy [M[M1]1]

2 99999999999999 2532

444444444444444444444444444444444444 44444444444444444444444444444444444
x xxxxx yyyyyyyyyyyyy yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy444444444 4 344 4 33334 2 yyyyyyyyyyyyyyyyyyyyy4444444444 4 333333333333333333333333333344

2 2222222222222222222222222222222 44 3333333333333333 000000000000000000000000000000000000xxxxxxxxxxxxxxxx yy x y4 32 4 3yyyyyyyyyyyyyyyyyyyyyyyyyyyy 44444444444444444444444444 3 [A1]

D is aa ddiaiammeter of
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Gradient of OD = 3
4

Gradient of tangent at D is 4
3

[B1]

Equation of tangent at D is 43 ( 4)
3

y x [M1]

4 25
3 3

y x

At E, 0y

4 250
3 3

x 25
4

x .     Hence (6.25, 0)E [A1]

Area of triangle BCE =
0 2 6.25 01
3 1.5 0 32

[M1]

= 1 (18.75 6 9.375)
2

= 1.6875 units2 [A1] -- exact

[Turn over 

(iv) The tangent at D cuts the x-axis at E. Find the area of triangle BCE. [5]

A

B D

C

E

A1]

3
[M[M1]1]

6 9.375)6

1.687555 unununuunuuuuuuuuuunuuuunuununununuuuuunununits2 [A[A1]1] --- exact

BBBBBBBBBBBBBBBBBBBB
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0.5x [B1]

2(1 2 )y x
3( 2)(1 2 ) ( 2)dy x

dx
[M1]

= 3

4
(1 2 )x

[A1]

2 1
1 1
2 2

y x

y x

When x = k, 1
2

dy
dx

3

4 1
(1 2 ) 2k

[M1]

3(1 2 ) 8k
1 2 2k

1.5k (shown) [A1]

11

The diagram (not drawn to scale) shows part of the curve 2

1
(1 2 )

y
x

passing 

through the point 2

1,
(1 2 )

P k
k

, where k is a constant. The normal to the curve at

P is perpendicular to 2 1y x and the normal meets the horizontal line 0.04y
at point Q. The curve meets the same horizontal line at the point R.

(i) State the equation of the asymptote denoted by dotted lines. [1]

(ii) Prove that  k = 1.5. [4]

0.5 [B[B11]

2222222222222222222222 ))2
31 22222222222222222222222222 )) ((( 2222))))322 ) (

curve 2

1
((11 22 )

yy pa

ere k is a connnstststststststststttttananananaaaaaaaaanananaannananannaaaannannanaanananannnnananannaanaanannnanannnnt.t.t.t.... TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTThehehehe norororrmamamamal l l l totototo tttthe cu

x ananannannnnnnnnnnnnnnnnnnnnd the e nonononoonononoooononn rmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmalalalalalalallallalaalalllllalalalalallalalllalallllallllllaalaalaalalalaaalalalaaallaalalallalallalallllllallalalllallaaaaaaaaaaa mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeetstststttsttttststststtstststststststststststststststststststssssssssssss ttttttttttttttttttttttttttttttttttthhehehhehehehehehhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhehe hhhhororororizizizizonononontatatatalll l line 0y
meets ththhhhththhhhththhhhthththhhththhhthhththhttthht e eeeeeeeeeeeeeeeeeeeeee sasasssssssssssssssssss mememmmemmemeeeememmmeeemem hhorizononoooononoononoooono tatatttttttttttttttal linenenenenneneeeeeeeeeeeeeeeeeeeeeeeeee aaaaaaaaaaaaaaaattt theeee popopooiiint RR..

he equauauaauauaaauauaauaauauauauauaauauauauauauatitititittititttitititttitittittitittitititittittittitiono  of fffffffffffffffffffffffffffffffffffffff thththththhthththththththhhhhthhhthththhththhhtthtt eeeeeeee asasasasasasasasasassasssassasasasassaassassaaaaaaa ymymymymymymymymymymymymymymyymymymymymymymymyyyyyyymymmptptptptptpptppppppppppppppppppppppppp otototototototototototototoototototoooooootoootttttttttttttee e e eeee eeeeeeeeeee dedededeededededededededeedededdeddedededdededdeeeedeeenononnnnnnnnnnnnnnnnnnnnnnnnn teed d d d d d d ddd d dddd d ddddd dddddddd bybbbbbbbbbbbbbbbbb  dotteteteteddd d llines.s.s.s.

(ii) PrPrPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ove eeeeeeee thththththththtththththththththttthttttththhhhhhhhhhhhatatatatatatatattatatatatatttttttattttttttttttttttttttatat  kkkk = 1.1.11111.1.1.111.111.11111111 55.555.5.5555.55555.5.5.55
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2
1

1 2(1.5)
y = 1

4

Therefore, 
1 11 ,
2 4

P [B1]

Gradient of PQ = 2

Equation of PQ is 1 32( )
4 2

y x [M1]

112
4

y x

At Q, 110.04 2
4

x [M1]

1.395x x-coordinate of Q is 1.395.

At R, 2

10.04
(1 2 )x

2(1 2 ) 25x
1 2 5x or 1 2 5x

2x (rejected as x > 0)    or  3x x-coordinate of Q is 3.    [A1]

Area of shaded region PQR = 1 (1.5 1.395)(0.25 0.04)
2

+
3 2

1.5
(1 2 ) 0.04x dx

[M1] -- area          [M1] -- integral

= 0.011025 +  
31

1.5

(1 2 ) 0.04
( 1)( 2)

x x [M1]

= 0.011025 + 
3

1.5

1 0.04
2(1 2 )

x
x

= 0.011025 + 
1 10.12 0.06

10 4
[M1]

= 0.10 units2 (to 2 s.f.) [A1]

END OF PAPER

(iii) Show that the x-coordinates of Q and R are 1.395 and 3 respectively. [4]

(iv) Find the area of the shaded region PQR, giving your answer to 2 significant 
figures. 

[5]

e of QQ isis 11.3.395.

or  3333333333333333333333333xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxx-coororrrrrrrrrrrrrrrrrddidididididididididididdididididididdddddd nateeee oooofff f Q iss 33.    [A[A1]1

hadddeededededededededededededdddeeed rrrrrrrrrrreggion PQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQQPQPQQQPQQQQQPQQQQPQQPQQQPQQQPQQQQQQRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR ==================== 1111111111111111 ((111111111111111111.55 1111...333399995555))))((((0000.25 0
222222222222222222222222

1 39955))((00 252

[M[ 1]

= 0.0

(iv) FiFiiiiiiiiiFiiiiiiiiiiiiiiiiindndndnddndndndndnndddndnddndnddndddddndndddddnnn thehehhehehehehhehehhhhe aaaaaaaaaaaarea a aaaaaaaaaaaaaaaaaaaaaaaaaaaaa ofofofoofofofofofofofofofoofofofofoofofofoofoooo ttttttttttttttttthehehehehhehehehehehehehehehehhhehheeheheheeeeeheeheeeeee ssssshahahhahhhhhahhhahhahhhhahhahahhhhhhhahhahhhhhhaaaadeddddddd ddddd rereerereeeeeeereeeeeeeeeeeereeegigigigigiigigigigigigiigiigigiiiigigigiigigiiiigigggggggggg onononononnonononnnononnonononoonnnnnnnnnnnnnn PQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQPQQPQPQPQPQPQPQPPQPQPQPQPQPPQPQPPQPPPQPQPPQPPQQQPQRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR, givingngngng yyyyouououour ans
fifififififfifififfififffffffffffffffffffff gugggggggggggggggggggggggggg res. 



Crescent Girls’ School                                                    2020 Sec 4 A Math Prelims P2

21

2020 CGS AM Prelim Paper 2 Answer Key

Qn Answer Key
1(i) x = 1 is the only root

2(i) 6.25 m; towards O (ii) t = 1.61

3(i) 2sin 2 cosx x x
(ii)

16

4(a)
15
3

k (b) p : q = 7 : 6; x = 3

5(i) 32sin 8cosS (ii) 8 17 sin 0.245S ; 1.08

6(i) Plot A
x

against x; p = 0.59 (accept 0.59 0.62); q = 46 (Accept 45 47)

(ii) x = 115; square

7(a)
17sec
15

x (b) 1 7 2 10
3

8(i) 9 2k (ii) 5

(iii) 210 18 25 0x x

9(a) 64 064 (b)(i)
3

3
4 3

nn bT ax
x

(b)(ii) n = 6
(b)(iii) a = 2; b = 1

10(i) C lies on the perpendicular bisectors 
of OA and OB. (ii) 2 2 4 3 0x y x y

(iii) D(4, 3) (iv) 1.6875 units

11(i) x = 0.5 (iv) 0.10 units2

17 sin17 sin

0.62); q = 46464646464646444444 (A(A(A(A(A(A((((( cccccccceeept 45454545 4747))

(b) 1
3

2k (i(i((((i((i(i(i(i(i(i((((i(i(i(i(i(i(ii(i((iiii((iiiiiiii)i)i)i)i)i)i)i)i)i)ii)i)i)i)i)i)i)i)i)i)i)i))i)ii) 555555555555555555555555555
21000000000000000000000000000000 111888888888888888888 255555555555555 0002 188888118888888888888 25555555555555521888888888888888888888

064






	SA2 Crescent Girls
	SA2 Crescent Girls Answer

