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Question 1, (3)  

𝑚 = tan 30° =
1

√3
 

The y-intercept is at 4 giving  

𝑦 =
1

√3
𝑥 + 4 

 

Question 2, (1) (1) (2)  

a) 𝑢2 =
1

5
𝑢1 + 12 

           =
1

5
(20) + 12 

           = 16 

 

b) i) Since −1 <
1

5
< 1  

    ii) Limit =
12

1 − 
1

5

 

        =
12
4

5

 

        = 15 

 

Question 3, (2) 

𝑦 = (5𝑥2 + 3)7 

𝑑𝑦

𝑑𝑥
= 7(5𝑥2 + 3)6 × 10𝑥  

     = 70𝑥(5𝑥2 + 3)6 

 

 

 

 



 

Question 4, (2)  

𝑃𝑄⃗⃗ ⃗⃗  ⃗ = (
  5

   10
−10

) 

 

𝑃𝑅⃗⃗⃗⃗  ⃗ =
2

5
𝑃𝑄⃗⃗ ⃗⃗  ⃗ 

       =
2

5
(

  5
   10
−10

) 

       = (   2
   4
−4

) 

 

𝑅 = (−6 + 2, 1 + 4, 2 − 4) 

𝑅 = (−4, 5,−2) 

 

Question 5, (3) 

ℎ(𝑥) = 2𝑥3 − 7 

𝑦 = 2𝑥3 − 7 

𝑦 − 7 = 2𝑥3 

𝑥3 =
𝑦 − 7

2
 

𝑥 = √
𝑦 − 7

2

3

 

So, ℎ−1(𝑥) = √
𝑥 − 7

2

3
 

 

Question 6, (3) (1) (1) 

a) Using Pythagoras gives the missing side:  

     √(√5)2 − 12 = 2 

 

    i) sin 2𝑝 = 2 sin 𝑝 cos 𝑝 

                     = 2 ×
1

√5
 ×

2

√5
 

        =
4

5
 

 



 

  ii) cos 2𝑝 = 2𝑐𝑜𝑠2𝑝 − 1 

         = 2(
2

√5
)2 − 1 

         =
8

5
− 1 

         =
3

5
 

 

b) sin 4𝑝 = 2 sin 2𝑝 cos 2𝑝 

      = 2 ×
4

5
×

3

5
 

      =
𝟐𝟒

𝟐𝟓
 

 

Question 7, (4) 

Substitute 𝑦 = 2𝑥 into 𝑥2 + 𝑦2 − 14𝑥 − 8𝑦 + 45 = 0 to give 

𝑥2 + (2𝑥)2 − 14𝑥 − 8(2𝑥) + 45 = 0 

𝑥2 + 4𝑥2 − 14𝑥 − 16𝑥 + 45 = 0 

5𝑥2 − 30𝑥 + 45 = 0 

𝑥2 − 6𝑥 + 9 = 0 

(𝑥 − 3)(𝑥 − 3) = 0 

𝑥 = 3 

𝑦 = 2(3) = 6 

So, the point of contact is (3, 6). 

 

Question 8, (4)   

𝑥2 + (𝑚 − 4)𝑥 + (2𝑚 − 3) = 0 

𝑎 = 1, 𝑏 = 𝑚 − 4, 𝑐 = 2𝑚 − 3 

Since there are no real roots 𝑏2 − 4𝑎𝑐 < 0 giving  

𝑏2 − 4𝑎𝑐 = (𝑚 − 4)2 − 4(1)(2𝑚 − 3) < 0 

𝑚2 − 8𝑚 + 16 − 8𝑚 + 12 < 0 

𝑚2 − 16𝑚 + 28 < 0 

(𝑥 − 2)(𝑥 − 14) < 0 

Sketch a parabola with root points at 𝑥 = 2 and 𝑥 = 14 

Use the parabola to determine the range of values as 2 < 𝑥 < 14 

 



 

Question 9, (3) 

log𝑎 5 + log𝑎 80 − 2 log𝑎 10 

= log𝑎(5 × 80) − log𝑎 102 

= log𝑎 400 − log𝑎 100 

= log𝑎

400

100
 

= log𝑎 4 

 

Question 10, (2) (4) 

a)  

         1 2    3    −4 − 3       2 

 
 

       
        2 

      
        5 

       
        1 

        
      −2 

      
      2      

         
        5 

  
   1 

     
     − 2 

       
         0 

 

     Since the remainder is zero (𝑥 − 1) is a factor.  

 

b) 2𝑥4 + 3𝑥3 − 4𝑥2 − 3𝑥 + 2 

      = (𝑥 − 1)(2𝑥3 + 5𝑥2 + 𝑥 − 2) 

      We have to use synthetic division to factorise 2𝑥3 + 5𝑥2 + 𝑥 − 2 

      

        −1 2     5     1 −2 

        −2      −3         2 

       2               3      −2         0 

 

     So, 2𝑥3 + 5𝑥2 + 𝑥 − 2 = (𝑥 + 1)(2𝑥2 + 3𝑥 − 2) 

     Note that 2𝑥2 + 3𝑥 − 2 does not factorise  

     So, 2𝑥4 + 3𝑥3 − 4𝑥2 − 3𝑥 + 2 = (𝑥 − 1)(2𝑥3 + 5𝑥2 + 𝑥 − 2) 

             = (𝑥 − 1)(𝑥 + 1)(2𝑥2 + 3𝑥 − 2) 

 

  

 

 

 



 

Question 11, (4) (3)  

a) cos 𝑥 + √3 sin 𝑥 = 𝑘 cos(𝑥 − 𝑎) 

            = 𝑘 cos 𝑥 cos 𝑎 + 𝑘 sin 𝑥 sin 𝑎 

             = 𝑘 cos 𝑎 cos 𝑥 + 𝑘 sin 𝑎 sin 𝑥 

   

     𝑘 cos 𝑎 = 1 and 𝑘 sin 𝑎 = √3 

      

     𝑘 = √12 + (√3)2 = 2 

 

     tan 𝑎 =
√3

1
= √3 

     Using CAST 𝑎 = 60° 

 

     So, cos 𝑥 + √3 sin 𝑥 = 2 cos(𝑥 − 60)° 

 

b) cos 𝑥 + √3 sin 𝑥 = 2 cos(𝑥 − 60)° 

     So, we have to sketch the graph of 𝑦 = 2 cos(𝑥 − 60)° 

   

      

 

 

 

 

 



 

Question 12, (4) 

𝑓(𝑥) = 12 √𝑥3 = 12𝑥
1
3 

𝑓′(𝑥) = 4𝑥−2/3 =
4

𝑥
2
3

 

𝑓′(𝑎) =
4

𝑎
2
3

 

4

𝑎
2
3

= 1 

𝑎
2
3 = 4 

√𝑎23
= 4 

𝑎2 = 64 

𝑎 = 8 

 

Question 13, (4) (4) 

a) Midpoint of PQ = (5, 6) 

     𝑚𝑃𝑄 =
10 − 2

4 − 6
=

8

−2
= −4 

     𝑚𝑝𝑒𝑟𝑝 =
1

4
 

 

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (5, 6) gives  

     𝑦 − 6 =
1

4
(𝑥 − 5) 

     4𝑦 − 24 = 𝑥 − 5 

     4𝑦 = 𝑥 + 19 

     𝑦 =
1

4
𝑥 +

19

4
 

 

b) The midpoint of QR is (9, 2) so the circle centre has 𝑥 co-ordinate 9. 

      Since the circle centre lies on the line from a) we can find the y coordinate:  

      𝑦 =
1

4
(9) +

19

4
 

      𝑦 =
9

4
+

19

4
 

      𝑦 = 7 

      So, the circle centre is (9, 7). 

  



 

 

     Use the distance formula with points (4, 10) and (9, 7) to calculate the radius: 

     𝑟 = √(10 − 7)2 + (4 − 9)2 

         = √9 + 25 

         = √34 

 

     So, the circle equation is (𝑥 − 9)2 + is (𝑦 − 7)2 = (√34)2 

                (𝑥 − 9)2 + is (𝑦 − 7)2 = 34 
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Question 1, (3) (3) (2) 

a) Midpoint of AC = (4, 4). Let this point be M. 

     𝑀𝐵𝑀 =
4 − (−6)

4 − (−1)
= 2 

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (4, 4) gives  

     𝑦 − 4 = 2(𝑥 − 4) 

     𝑦 − 4 = 2𝑥 − 8 

     𝑦 = 2𝑥 − 4 

 

b) 𝑀𝐵𝐶 =
0 − (−6)

11 − (−1)
=

1

2
 

     𝑀𝑝𝑒𝑟𝑝 = −2 

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (11, 0) gives 

     𝑦 − 0 = −2(𝑥 − 11) 

     𝑦 = −2𝑥 + 22 

 

c) Equate the line equations to give 

     2𝑥 − 4 = −2𝑥 + 22 

     4𝑥 = 26 

     𝑥 =
13

2
 

     Substitute 𝑥 =
13

2
 into 𝑦 = 2𝑥 − 4 to give 

     𝑦 = 2(
13

2
) − 4 

         = 9 

     So, the point of intersection is (
13

2
, 9) 

 

 

 

 



 

Question 2, (5) 

𝑦 =
8

𝑥3
= 8𝑥−3 

𝑑𝑦

𝑑𝑥
= −24𝑥−4 =

−24

𝑥4
 

𝑚 =
−24

24
= −

24

16
= −

3

2
 

 

When 𝑥 = 2, 𝑦 =
8

23 = 1   

 

Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (2, 1) gives  

𝑦 − 1 = −
3

2
(𝑥 − 2) 

2𝑦 − 2 = −3(𝑥 − 2) 

2𝑦 − 2 = −3𝑥 + 6 

2𝑦 = −3𝑥 + 8 

𝑦 = −
3

2
𝑥 + 4 

 

Question 3, (2) (1) (4) 

a) 𝐸𝐷⃗⃗ ⃗⃗  ⃗ = (
1
−4

6
) and 𝐸𝐹⃗⃗⃗⃗  ⃗ = (

2
1

3
) 

 

b) i) 𝐸𝐷⃗⃗⃗⃗  ⃗ ∙ 𝐸𝐹⃗⃗⃗⃗  ⃗ = 2 − 4 + 18 = 16 

 

    ii) | 𝐸𝐷⃗⃗ ⃗⃗  ⃗| = √12 + (−4)2 + 62 = √53 

          | 𝐸𝐹⃗⃗⃗⃗  ⃗| = √22 + 12 + 32 = √14 

 

          cos 𝜃 =
16

√53 √14
 

          𝜃 = 𝑐𝑜𝑠−1 (
16

√53 √14
) = 54° 

 

 

 

 



 

Question 4, (2) (3)  

a) The transformation 𝑦 = 𝑓(𝑥 − 4) + 2 adds 4 to the 𝑥 co-ordinates and 2 to the 𝑦. 

     So (−1, 3) becomes (3, 5) 

 

b)  

 

 

Question 5, (3)  

∫ sin 5𝑥 𝑑𝑥

𝜋
7

0

 

= [−
1

5
cos 5𝑥]0

𝜋
7  

= −
1

5
cos

5𝜋

7
− (−

1

5
cos 0) 

= −
1

5
cos

5𝜋

7
+

1

5
cos 0 

= 0.3246 

 

Question 6, (5) 

𝑦 = 𝑎𝑥𝑏  

log5 𝑦 = log5 𝑎𝑥𝑏 

log5 𝑦 = log5 𝑎 + log5 𝑥𝑏 

log5 𝑦 = log5 𝑎 + b log5 𝑥 

log5 𝑦 = b log5 𝑥 + log5 𝑎 

 



 

𝑚 =
10 − (−2)

4 − 0
= 3. So, 𝑏 = 3 

 

The 𝑦-intercept is at −2 so  

log5 𝑎 = −2 

𝑎 = 5−2 

    =
1

52 

    =
1

25
 

 

Question 7, (5) 

∫ (6 + 4𝑥 − 2𝑥2) − (𝑥3 − 6𝑥2 + 11𝑥) 𝑑𝑥
2

0

 

= ∫ −𝑥3 + 4𝑥2 − 7𝑥 + 6 𝑑𝑥
2

0

 

= [−
1

4
𝑥4 +

4

3
𝑥3 −

7

2
𝑥2 + 6𝑥]0

2 

= (−
1

4
(2)4 +

4

3
(2)3 −

7

2
(2)2 + 6(2)) − 0 =

14

3
 

So, the area is 
14

3
 𝑢𝑛𝑖𝑡𝑠2  

 

Question 8, (2) (2) 

a) 𝑓(𝑔(𝑥)) = 𝑓(𝑥 + 1) 

          = 2(𝑥 + 1)2 − 18 

          = 2(𝑥2 + 2𝑥 + 1) − 18 

          = 2𝑥2 + 4𝑥 + 2 − 18 

          = 2𝑥2 + 4𝑥 − 16 

 

b) 
1

𝑓(𝑔(𝑥))
=

1

2𝑥2 + 4𝑥 − 1
 

     The function is undefined where the denominator, 2𝑥2 + 4𝑥 − 16, equals zero. 

     2𝑥2 + 4𝑥 − 16 = 0 

     𝑥2 + 2𝑥 − 8 = 0      

     (𝑥 + 4)(𝑥 − 2) = 0 

     𝑥 = −4, 𝑥 = 2 



 

Question 9, (4) (2) 

a) 𝑦 =
1

3
𝑥3 − 𝑥2 − 3𝑥 + 1 

     
𝑑𝑦

𝑑𝑥
= 𝑥2 − 2𝑥 − 3 

     For stationary points 
𝑑𝑦

𝑑𝑥
= 0 giving 

     𝑥2 − 2𝑥 − 3 = 0 

     (𝑥 − 3)(𝑥 + 1) = 0 

     𝑥 = 3, 𝑥 = −1 

     When 𝑥 = 3, 𝑦 =
1

3
(3)3 − 32 − 3(3) + 1 = −8 

     When 𝑥 = −1, 𝑦 =
1

3
(−1)3 − (−1)2 − 3(−1) + 1 =

8

3
 

     So, the stationary points are (3, −8) and (−1,
8

3
) 

 

b) When 𝑥 = 6, 𝑦 =
1

3
(6)3 − 62 − 3(6) + 1 = 19 

      So, the greatest value in the range is 19 and the least value is −8.  

 

Question 10, (2) (2) 

a) Centre is (−9, 1)  

     Radius = √92 + (−1)2 − (−8) = √90 = 3√10 

 

b) Use the distance formula with the centre point of each circle to give 

      𝑑 = √(−6 − (−9))2 + (0 − 1)2 

          = √9 + 1 

          = √10 

 

      The radius of 𝐶2 equals the radius of 𝐶1 − √10 giving  

      radius of 𝐶2 = 3√10 − √10 = 2√10 

  

      Using (𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 = 𝑟2 gives  

      (𝑥 − (−6))2 + (𝑦 − 0)2 = (2√10)2 

      (𝑥 + 6)2 + 𝑦2 = 40 

 



 

Question 11, (1) (4) 

a) 𝑁 = 6.8 𝑒𝑘𝑡 

     Substitute 𝑡 = 0 to give  

     𝑁 = 6.8 𝑒𝑘(0) = 6.8 

     So, there are 6.8 million cars.  

 

b) For 2030 the 𝑡 value is 10. Substitute this and 125 into the equation to give 

     125 = 6.8 𝑒10𝑘 

      𝑒10𝑘 =
125

68
 

      ln 𝑒10𝑘 = ln
125

68
 

      10𝑘 = ln
125

68
 

      𝑘 = ln
125

68
 ÷ 10 

          = 0.061 

 

Question 12, (5) 

2 sin2𝑥 − 𝑠𝑖𝑛2𝑥 = 0 

2(2 sin 𝑥 cos 𝑥) − 𝑠𝑖𝑛2𝑥 = 0 

4 sin 𝑥 cos 𝑥 − 𝑠𝑖𝑛2𝑥 = 0 

sin 𝑥(4 cos 𝑥 − sin𝑥) = 0 

sin 𝑥 = 0 and 4cos 𝑥 − sin 𝑥 = 0 

 

sin 𝑥 = 0 

𝑥 = 0, 180° (note 360° is not allowed in the range of values) 

 

4 cos 𝑥 − sin𝑥 = 0 

4 cos 𝑥 = sin 𝑥 

4 =
sin 𝑥

cos 𝑥
= tan 𝑥 

𝑡𝑎𝑛−1(4) = 75.96° 

So, 𝑥 = 75.96° and 𝑥 = 180 + 75.96 = 255.96° 

 

 



 

Question 13, (3) 

From the root points 𝑥 = −1, 𝑥 = 3 and 𝑥 = 5 we have  

𝑓(𝑥) = 𝑘(𝑥 − 3)2(𝑥 + 1)(𝑥 − 5) 

 

Substitute the point (0,−9) to give  

−9 = 𝑘(0 − 3)2(0 + 1)(0 − 5) 

−9 = 𝑘(9)(1)(−5) 

−9 = −45𝑘 

𝑘 =
9

45
=

1

5
 

 

So, 𝑓(𝑥) =
1

5
(𝑥 − 3)2(𝑥 + 1)(𝑥 − 5) 

 


