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1 (i)  Express 
2

2 1
3

x
x− −  in the form 

2( )a x h k− + , where a, h and k are constants.   [3] 
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− − = − −

= − + − −

 = − − −
 

= − − −

= − −

 

M1 for factorizing 
1

3
 

 

M1 

 

 

 

 

 

 

A1 

 

  

 (ii) Hence find the minimum value of 
2

2 1
3

x
x− −  and the value of x at which the 

minimum occurs.            [2] 

  

1(ii) Minimum value = 4−  

Value of x which minimum occurs = 3 

B1 

B1 

 

 

 

 

 (iii) Sketch the curve 
2

2 1
3

x
y x= − − .         [2] 

  

1(iii) 

 

 

B1 – Correct shape 

B1 – Turning point and y-

intercept stated 
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(3, −4) 

 

−0.464 6.46 
−1 
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2 Find the values of k for which the equation 
2( 1) 2 2k x kx k+ − = −  has real roots.     [4] 

 

2 2

2

( 1) 2 2

( 1) 2 2 0

k x kx k

k x kx k

+ − = −

+ − + − =
 

Since the equation has real roots,  

discriminant 0 . 

( ) ( )( )
2

2 2

2 2

2 4 1 2 0

4 4( 2) 0

4 4 4 8 0

4 8 0

4 8

2

k k k

k k k

k k k

k

k

k

− − + − 

− − − 

− + + 

+ 

 −

 −

 

 

 

 

M1 – Simplify quadratic equation 

 

M1 – correct discriminant 0  

 

 

M1 – finding linear inequality  

 

A1 – range of k 

 

 

 

 

3 The equation of a curve is 
22 (4 ) 2y x k x k= + − − , where k is a constant. 

(a) Show that the line 7 18y x= −  is a tangent to the curve when 5k =  and find the 

coordinates of the point of intersection.          [3] 

3(a) When 5k = , 
22 10    _____(1)y x x= − −  

                      7 18            _____(2)y x= −  

Substitute (1) into (2): 
2

2

2

2

2 10 7 18

2 8 8 0

4 4 0

( 2) 0

2

x x x

x x

x x

x

x

− − = −

− + =

− + =

− =

=

 

Since there is only one solution of x, 7 18y x= −  

is tangent to the curve. 

 

OR 

Discriminant = ( ) ( )( )
2

4 4 1 4− −  

                      = 0 

Since discriminant = 0, the line is a tangent to 

the curve. 

 

Substitute 2x =  into (2): 4y = −  

Coordinates of the point of intersection is 

(2, 4)−  

 

 

 

M1 – correct substitution 

 

 

 

 

 

 

M1 – proof of tangency 

 

 

 

 

 

 

 

 

 

 

 

A1 
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(b) Explain why there is only one value of k for which y cannot be negative and state this 

value.              [4] 

 

3(b) 2

2

2

2

discriminant (4 ) 4(2)( 2 )

16 8 16

16 8

( 4)

k k

k k k

k k

k

= − − −

= − + +

= + +

= +

 

Since 
2( 4) 0k +  , the curve has real roots. 

 

Hence, when 4k = − , the x-axis is a tangent to 

the curve and y cannot be negative.  

OR 

Since the discriminant is always positive, when 

4k = − , the curve intersects the x-axis at only 1 

point, for which y cannot be negative. 

M1 – correct discriminant 

 

 

 

M1 – factorized 

M1 – stating the nature of roots. 

 

 

A1 – proper 

reasoning/explanation 

 

 

4 Find the set of values of the constant a, for which  
2( 3) 5 3 0a x x− + − =  is always negative 

for all real values of x.           [3] 

 

4 Since 
2( 3) 5 3 0a x x− + − =  is always negative, 

discriminant < 0    and    3 0a −   
25 4( 3)( 3) 0

25 12 36 0

12 11 0

12 11

11

12

a

a

a

a

a

− − − 

+ − 

− 





 

Hence 
11

12
a   .  

 

 

M1 for 3 0a −   

M1 for correct discriminant < 0 

 

 

 

 

 

A1  

 

 

 

 

 

 

 

 

 

 

 and 3a   

and 3a   
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5 Show that the equation 2 4 6
4

m
y x x m= + + −  has real and distinct roots for all values of m. 

[3] 

5 
( )

( )

2

2

2

2 2

2

discriminant 4 4( ) 6
4

16 6

16 6

6 16

( 3) 3 16

( 3) 7

m
m

m m

m m

m m

m

m

= − −

= − −

= − +

= − +

= − − +

= − +

 

 

Since 
2( 3) 0m −  for all real values of m, then 

2( 3) 7 7 0m− +   . Hence the curve has 2 real 

and distinct roots. 

 

M1 – correct discriminant 

 

 

 

 

 

 

 

M1 – completed square form 

 

 

A1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

WA1 3E Add Maths 2024 

6 

 

6 The height, y metres, of a ball x seconds after it has been thrown from a cliff can be modelled 

by the equation 
3

(4 )(2 3)
2

y x x= − + . 

  (a) Find the height of the ball just before it was thrown.       [2] 

6(a) 

 

 

 

 

 

When 0x = , 
3

(4 0)(0 3)
2

y = − +  

                           = 18 

 

The height of the ball was 18m. 

 

M1  

 

 

A1 

 

  (b) Determine the maximum height reached by the ball.       [3] 

6(b) Method 1: Completing the square 

2

2

2 2

2

2 2

2

3
(4 )(2 3)

2

15
3 18

2

5
3( ) 18

2

5 5 5
3 18

2 4 4

5 5
3 3 18

4 4

5 363
3

4 16

y x x

x x

x x

x x

x

x

= − +

= − + +

= − − +

    
= − − + − +    

     

   
= − − + +   

   

 
= − − + 

 

 

 

Maximum height is 22.6875 m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M1 – complete the square 

 

 

 

 

M1 

 

 

A1 
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Method 2: using x-intercepts. 

At y = 0,  

3
(4 )(2 3) 0

2

(4 )(2 3) 0

x x

x x

− + =

− + =

 

3
4    or    

2
x x = = −  

3
4

2
coordinate of turning poin t

2

5

4

x

 
+ − 
 − =

=

 

3 5 5
maximum height (4 )(2 3)

2 4 4

22.6875m

   
= − +   

   

=

 

 

 

 

 

 

 

 

 

M1 – finding x-intercepts 

 

 

 

 

 

M1 – x-coordinate of turning pt. 

 

 

 

A1 

 

 

(c) Explain the significance of the x-intercept of the curve.     [1] 

 

(c) When the curve intersects the x-axis, it is the 

time taken for the ball to reach the ground. 

 

B1 

 

 

 

 

 

 

 

 

 

End of Paper 


