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1. ALGEBRA 

Quadratic Equation 
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2. TRIGONOMETRY 
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1 The curve has the equation 2 4 7y x x   . 

A line with gradient 1 is a tangent to the curve. 

Find the equation of the tangent line.           [3] 

 

2 4 [M1]

2 4 1 

2.5, 3.25 [M1]

3.25 1( 2.5)

0.75 [A1] 

dy
x

dx
x

x y

y x

y x

 

 
 
  
 

 

 
 
 
 
 
 
 
 
 
 
2 Find the set of values of the constant p for which the curve 2 ( 2) 5y px p x     lies entirely 

above the x-axis.            [5] 
 

 2

2

0 [B1]

2 4( )(5) 0 [M1]

24 4 0

Use of quadratic formula [M1]

Critical Points: 12 2 35 [M1]

12 2 35 12 2 35 [A1]

0.168 23.8

p

p p

p p

p

p

p



  

  

 

   
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.168 

+ + െ 

23.8 
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3 (a) Prove that 
  

2 2

2 2

cot tan
cos 2

1 tan 1 cot

  
 



 

.            [5] 

 
 

  

  
  

2 2

2 2

2 2

4 4

2 2

2 2

4 4 2 2

2 2

4 4

2 2 2 2

cos sin
sin cos  [M1]

sec cosec

cos sin
sin cos=  [M1]

1 1
cos sin

cos sin cos sin
=  [M1]

sin cos 1

cos sin

cos sin cos sin  [M1]

cos 2 1

cos 2  [A1]

LHS

 
 
 

 
 

 
   
 
 

   














 

  




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3 (b) Hence, solve the equation 
  
  

2 2

2 2

cot tan 2sin 2
0.75

1 tan 1 cot

  

 




 
 for 90 90     .    [5] 

 
 

  
  

 

2 2

2 2

1

cot tan 2sin 2
0.75

1 tan 1 cot

2sin 2 cos 2 0.75 [M1]

sin 4 0.75 [M1]

sin 0.75 48.59037789  [M1]

4 48.5903, 311.4096,131.4096, 228.5903 [M1]

77.9 , 57.1 ,12.1 ,32.9  [A1]

  

 

 











 




  

  
      
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4 The line 5y x  intersects the curve 2 2 91x xy y    at two points. 
 Find the coordinates of these two points.          [5] 
 

 

   

22

2 2 2

2

2

5

( 5) 5 91 [M1]

5 10 25 91 0

3 15 66 0 [M1]

5 22 0

Using Quadratic Formula, [B1]

2.82 or 7.82 [M1]

2.82,  7.82  or 7.82,  2.82  [A1]

y x

x x x x

x x x x x

x x

x x

x

 

    

      

  

  

 

 
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5 The function f is defined for x > 0 by 
2 4

( )
1

x
f x

x





. 

(a) Find '( )f x  in the form 
 

2

2
1

ax bx c

x

 


.          [2] 

 

     
 

 

2

'
2

2

2

1 2 4 1
( )  [M1]

1

2 4
 [A1]

1

x x x
f x

x

x x

x

  




 




 

 
 
 
 
 
 
 
 
(b) Hence determine the values of x for which f is increasing.          [4] 

 
 For f to be increasing, '( )f x must be > 0. 

 Since,  2
1x  > 0 for all real values of x, then to solve 2 2 4x x  > 0. [B1] 

 Show use of quadratic formula [B1] 

 
Critical Points: 3.24 or 1.24 [M1]

3.24 or 1.24 [A1]

x

x x

 
  
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6 A balloon is being inflated such that its volume increases and the radius, r cm of the balloon, 
changes over time.  

The rate of change of the radius at time 𝑡 seconds is given by 
d 4

d 2

r

t t



, 0t  . 

Initially, at 0t  , the radius is 3 cm. 
 
 (a) Find an expression for r in terms of t.          [2] 
 

 

 

   

4
4ln 2  [M1]

2
At 0, 3, 3 4 ln 2 or 0.227

4ln 2 3 4ln 2 or 4 ln 2 0.227 [A1]

r dt t c
t

t r c

r t t

   


   

     


 

 
 
 
 
 
 
 
 
 
 

 (b) The volume V of the balloon is given by 34

3
V r . 

  Find the rate of increase of the volume of the balloon at t = 2.       [4] 
 

 

2

3

At 2, 4 ln 4 3 4ln 2

4  [M1]

At 2,

418.7464104,  [M1]

1 

418.7464104 1 [M1]

419 /  [A1]

t r

dv
r

dr
t

dv

dr
dr

dt
dv dv dr

dt dr dt
dv

dt
dv

cm s
dt



   









 

 


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7 (a) Express 
  

2

2

5 3 7

1 2

x x

x x

 

 
 in partial fractions.         [6] 

 

    
      

    

2

2 2

22

2

2 2

5 3 7
 [M1]

1 21 2 2

5 3 7 2 1 2 1  [M1]

When 2, 11 [M1]

When 1, 1 [M1]

When 0, 4 [M1]

5 3 7 1 4 11
 [A1]

1 21 2 2

x x A B C

x xx x x

x x A x B x x C x

x C

x A

x B

x x

x xx x x

 
  

   

        

 
  
 

 
  

   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(b) Hence 
  

2

2

5 3 7
d

1 2

x x
x

x x

 

  .           [3] 

 

 

  

 

 

   

2

2

2

2

5 3 7
 d

1 2

1 4 11
 [M1]

1 2 2

1 4
11 2

1 2
11

ln 1 4ln 2  [A2][Minus 1 for each incorrect part]
2

x x
x

x x

dx
x x x

dx dx x
x x

x x c
x



 

 

  
  

   
 

     






  
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8 A curve has equation 3y x x k   , where k is a positive constant. 
 

(a) Show that 
d 3 2

d 2

y x k

x x k





.              [3] 

 

 
1

2
1

 [M1]
2

 
2

2 2
 [M1]

2
3 2

 [A1]
2

dy
x x k x k

dx

dy x
x k

dx x k
dy x x k

dx x k
dy x k

dx x k

     
 

  


 








 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



11 
 

Jurongville Secondary School    4E PRELIM / 4049_01 / 2024                            [Turn Over
  

(b) Determine the nature of the stationary point on the curve.           [6] 
 

 

      

 

      
 

 

 

1

2
2

2

1
2 2

2

2

32
2

2

32
2

2

32
2

2

2

1
2 3 3 2 2

2
[M1]

4

2 3 3 2
 [M1]

4

6 6 3 2

4

3 4
 [M1]

4

2
When 0,  [M1]

3

2 2
At ,  

3 1
4

3

Since 0, 0.

x k x k x k
d y

dx x k

x k x k x kd y

dx x k

d y x k x k

dx x k

d y x k

dx x k

dy
x k

dx

d y k
x k

dx
k

d y
k

dx





     
 



     


  









  

  
 
 
 

   [M1]

2
 is a minimum point on the curve. [A1]

3
x k 
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9 A curve 
2

1 3ln x
y

x


  has a minimum point at P. 

 (a) Find 
d

d

y

x
.             [2] 

 

 

     2

4

4

3

1
3 1 3ln 2

[M1]

3 2 6 ln

1 6ln
 [A1]

x x x
dy x
dx x
dy x x x x

dx x
dy x

dx x

    
 

 





 

 
 
 
 
 
 

 (b) Show that the x-coordinate of P is 
1

6e .         [2] 
 

 

1

6

At 0,1 6 ln 0 [M1]

1
ln

6

 [A1]

dy
x

dx

x

x e

  




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 (c) Find the equation of normal to the curve at the point x e . 
  Leave your answer in terms of e.          [5]
  

 

 

2

3

3

3

2

3 4 3 6

2 2

4
At ,  [M1]

5
At ,  [M1]

gradient of normal  [M1]
5

4
 [M1]

5

4 20
 or  [A1]

5 5 5 5

x e y
e

dy
x e

dx e

e

e
y x e

e

e e e e
y x y x

e e

 

  



  


    
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10 The table shows experimental values of two variables x and y. 

x 1 2 3 4 5 6 7 

y 56.2 31.5 25.1 9.96 5.60 3.14 1.76 

The variables x and y are related by the equation 
xk

h
y  , where h and k are constants.  

It is believed that an error was made in one of the experimental values of y. 

(a) On the grid, on the next page, plot lg y against x and draw a straight line graph to 

illustrate the information using a scale of 2 cm to represent 1 unit on the x-axis and 8 

cm to represent 1 unit on the y-axis.           [3] 

 

 

 

(b) Use your graph to 

   (i)     identify the abnormal reading of y and estimate the correct value of y,       [2] 

y = 25.1 is an abnormal reading of y. [B1] 

  
1.25

correct value of : lg 1.25

10 17.8 [B1] [Accept answers between 13 to 24]

y y

y



 
 

 

 

 

 

 

 

   (ii)   find the value of  h and k.            [4] 
 

0.25

lg lg lg

lg ( lg ) lg  [B1]

1.75 1.50
gradient = lg  [M1]

1 2
lg 0.25

10 1.78 [A1] [Acceptable range 0.1]

-intercept lg 2

100 [B1]

x

h
y

k
y h x k

y k x h

k

k

k

y h

h



 
  


 




  
 


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11 A circle, C , has equation 2 2 10 6 9 0x y x y     . 
 

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

   

2 2

2 2

2 2 2

10 6 9 0

10 25 6 9 25 9 9 0

5 3 5

Centre of Circle (5,  3) [B2][Minus 1 mark for each incorrect coordinate]

Radius 5 units [B1]

x y x y

x x y y

x y

    

        

   

 


 

 
 
 
 

(b) Explain why the y-axis is a tangent to C .            [1] 
 

For using the correct method to find the perpendicular distance from the centre of the circle to 
the y-axis. Distance from centre (5, –3) to y-axis (x = 0) = 5 
Distance equals radius, so y-axis is a tangent.  
 

 
 

(c) Given that the circle C  crosses the x-axis at the point  1,  0P , find the equation of the 

tangent to the circle at P.           [3] 
0 ( 3) 3

Gradient of CP  [M1]
1 5 4

4
Gradient of tangent  [M1]

3
4 4

 [A1]
3 3

y x

 
  





 

 

 
 
 
 
 
 
 

 
(d) Determine whether the point (3,  7)A   lies inside, outside or on the circle C ?    [2] 

 

 

2 2LHS (3 5) ( 7 3) 20 [M1]

Since, 20 25,  3,  7  lies inside the circle. [A1]

     

 
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12 (a) Find the equation of the perpendicular bisector of the points ( ,  4)P a  and (6,  2)Q   in  
terms of a.                [4] 

 

 

6 4 2 6
Midpoint of , ,1  [M1]

2 2 2

4 ( 2) 6
Gradient of  [M1]

6 6
6 6

Gradient of Perpendicular Bisector  [M1]
6 6

6 6
1  [A1]

6 2

a a
PQ

PQ
a a

a a
PQ

a a
y x

         
   
 

 
 

 
  

     
 
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 (b) The perpendicular bisector of line segment PQ passes through the point (2,  1)R .  
Find the possible values of a.            [2] 

 

   

6 6
1 1 2  

6 2

6 4 6
0  [M1]

6 2

0 6 2

6 or 2 [A1]

a a

a a

a a

a a

     
 

     
 

   

  

 

 
 
 
 
 
 

(c) S is the reflection of point 𝑄 across the perpendicular bisector of 𝑃𝑄.  
By using the positive value of a found in part (b) calculate the area of the  
quadrilateral PQRS.               [4] 

 

  

2

6 6
Midpoint of ,1 (6,1) [M1]

2

6
6

2
2

1 
2

(6, 4) [M1]

Use of shoelace method [M1]

12 units  [A1]

PQ

x

y

S

Area

   
 




 






 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

End of Paper 


