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Question 1, (3)  

𝑦 = 𝑥
5
3 −

10

𝑥4
 

𝑦 = 𝑥
5
3 − 10𝑥−4 

𝑑𝑦

𝑑𝑥
=

5

3
𝑥

2
3 + 40𝑥−5 

𝑑𝑦

𝑑𝑥
=

5

3
𝑥

2
3 +

40

𝑥5
 

 

Question 2, (4)  

𝑚𝑃𝑄 =
0 − 6

10 − (−2)
=

−6

12
= −

1

2
 

𝑚𝑝𝑒𝑟𝑝 = 2 

Midpoint of PQ = (4, 3) 

 

Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (4, 3) gives 

𝑦 − 3 = 2(𝑥 − 4) 

𝑦 − 3 = 2𝑥 − 8 

𝑦 = 2𝑥 − 5 

 

Question 3, (3)  

log5 𝑥 − log5 3 = 2             

log5

𝑥

3
= 2 

𝑥

3
= 52 = 25 

𝑥 = 75 

 



 

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

a) i) Use Pythagoras to determine the missing sides of the triangles.  

          cos 𝑝 =
3

5
   

    ii) cos 𝑞 =
3

√45
=

3

3√5
=

1

√5
 

 

b) cos(𝑝 + 𝑞) = cos 𝑝 cos 𝑞 − sin 𝑝 sin 𝑞 

               = (
3

5
) (

1

√5
) − (

4

5
)(

2

√5
)               

  =
3

5√5
−

8

5√5
 

  = −
5

5√5
 

  = −
1

√5
 

 

Question 5, (3) 

2𝑥2 + (3𝑝 − 2)𝑥 + 𝑝 = 0 

𝑎 = 2, 𝑏 = 3𝑝 − 2, 𝑐 = 𝑝 

 

𝑏2 − 4𝑎𝑐 = (3𝑝 − 2)2 − 4(2)(𝑝) 

      = 9𝑝2 − 12𝑝 + 4 − 8𝑝 

      = 9𝑝2 − 20𝑝 + 4 

 

Since equal roots 𝑏2 − 4𝑎𝑐 = 0 giving  

9𝑝2 − 20𝑝 + 4 = 0 

(9𝑝 − 2)(𝑝 − 2) = 0 

 

9𝑝 − 2 = 0   𝑝 − 2 = 0  

𝑝 =
2

9
    𝑝 = 2 

 

Question 6, (4) 

∫ 2𝑥5 − 6√𝑥 𝑑𝑥 

= ∫ 2𝑥5 − 6𝑥
1
2 𝑑𝑥 



 

=
2𝑥6

6
−

6𝑥
3
2

3
2

+ 𝑐 

=
𝑥6

3
− 4𝑥

3
2 + 𝑐 

 

Question 7, (2) (1) 

a) log2 5 + log2
1

40
 

     = log2
5

40
 

     = log2
5

40
 

     = log2
1

8
 

     = log2 1 − log2 8 

     = 0 − 3 

     = −3 

 

b) The logarithm function is negative for values between 0 and 1 (consider the graph). 

      So, 0 < 𝑎 < 1 

  

Question 8, (6) 

𝑓(𝑥) = 𝑥3 + 3𝑥2 − 9𝑥 + 5 

𝑓′(𝑥) = 3𝑥2 + 6𝑥 − 9 

 

For stationary points 𝑓′(𝑥) = 0 giving 

3𝑥2 + 6𝑥 − 9 = 0 

𝑥2 + 2𝑥 − 3 = 0 

(𝑥 + 3)(𝑥 − 1) = 0 

𝑥 = −3, 𝑥 = 1 

 

When 𝑥 = −3, 𝑦 = (−3)3 + 3(−3)2 − 9(−3) + 5 = 32 

When 𝑥 = 1, 𝑦 = (1)3 + 3(1)2 − 9(1) + 5 = 0 

 

So, stationary points are at (−3, 32) and (1, 0). 



 

 

𝑥 −10 −3 0 1 10 

𝑓′(𝑥) + 0 − 0 + 

𝑆ℎ𝑎𝑝𝑒 
 

 
   

 

 

So, (−3, 32) is a maximum turning point and (1, 0) is a minimum turning point.  

 

Question 9, (3)  

 

 

 

Question 10, (2) (5)  

a)   

-5 1   3 -7    9 -30 

        -5 10      -15       30 

       1             -2        3        -6       0 

 

     Since the remainder is zero, (𝑥 + 5) is a factor.  

(1,2) 



 

b) 𝑥4 + 3𝑥3 − 7𝑥2 + 9𝑥 − 30 = 0 

     (𝑥 + 5)(𝑥3 − 2𝑥2 + 3𝑥 − 6) = 0 

     To fully factorise we have to factorise 𝑥3 − 2𝑥2 + 3𝑥 − 6 using synthetic division. 

     Since we have no factor we have to use trial and error with factors of −6. 

 

    2 1 -2 3 -6 

        2       0       6 

       1             0       3       0 

 

     Since the remainder is zero, (𝑥 − 2) is a factor. We can now fully factorise.  

 

     (𝑥 + 5)(𝑥 − 2)(𝑥2 + 3) = 0 

      𝑥 + 5 = 0      𝑥 − 2 = 0   𝑥2 + 3 = 0 

      𝑥 = −5   𝑥 = 2    No solutions  

 

Question 11, (3) (1) 

a) ∫ 5 sin 𝑥 − 3 cos 𝑥  𝑑𝑥
𝜋

𝜋

2

 

     = [−5 cos 𝑥 − 3 sin 𝑥]𝜋

2

𝜋 

     = [−5 cos 𝜋 − 3 sin 𝜋] − [−5 cos
𝜋

2
− 3 sin

𝜋

2
] 

     = [5] − [−3] 

     = 8 

 

b) Shade the area between 
𝜋

2
 and 𝜋. 

 

Question 12, (3)  

−2𝑥2 − 12𝑥 + 7 

= −2[𝑥2 + 6𝑥] + 7 

= −2[(𝑥 + 3)2 − 9] + 7 

= −2(𝑥 + 3)2 + 18 + 7 

= −2(𝑥 + 3)2 + 25 

 

 



 

Question 13, (1) (2) (1) (3) 

a) i) 𝑓(𝑔(𝑥)) = 𝑓(2𝑥) 

                = 2 sin 2𝑥  

 

       𝑓 (𝑔 (
𝜋

6
)) = 2 sin 2(

𝜋

6
) 

             = 2 sin
𝜋

3
 

                          = 2 𝑥 
√3

2
 

                          = √3 

 

    ii) 𝑓(𝑔(𝑥)) = 𝑓(2𝑥) 

                = 2 sin 2𝑥  

 

b) i) 𝑓(𝑝) =
1

3
 and 𝑓(𝑝) = 2 sin 𝑝 

          Equating gives 2 sin 𝑝 =
1

3
 

                                           sin 𝑝 =
1

6
 

 

    ii) 𝑓(𝑔(𝑝)) = 𝑓(2𝑝) 

  = 2 sin 2𝑝 

   = 2(2 sin 𝑝 cos 𝑝) 

  = 2[(2 ∙
1

6
) cos 𝑝] 

 

         To determine the value of cos 𝑝 use Pythagoras and SohCahToa based on sin 𝑝 =
1

6
. 

         In other words, based on opposite = 1 and hypotenuse = 6.  

         By Pythagoras, the adjacent side = √35. 

 

         𝑓(𝑔(𝑝)) = 2[(2 ∙
1

6
) cos 𝑝] = 2[(2 ∙

1

6
) (

√35

6
)] 

                  =
√35

9
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Question 1, (3) (2)  

a) 𝑚𝑄𝑅 =
8 − 3

−2 − 13
=

5

−15
= −

1

3
 

     𝑚𝑝𝑒𝑟𝑝 = 3 

 

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (5, −1) gives 

     𝑦 − (−1) = 3(𝑥 − 5) 

     𝑦 + 1 = 3𝑥 − 15 

     𝑦 = 3𝑥 − 16    

   

b) 𝑚𝑃𝑅 =
3 −(−1)

13 − 5
=

4

8
=

1

2
 

     𝑡𝑎𝑛−1 (
1

2
) = 26.6° 

     So, angle = 26.6° 

 

Question 2, (4) 

𝑦 = 2𝑥5 − 3𝑥 

𝑑𝑦

𝑑𝑥
= 10𝑥 − 3 

 

Substitute 𝑥 = 1 for gradient to give 𝑚 = 10(1) − 3 = 7. 

 

When 𝑥 = 1, 𝑦 = 2(1)5 − 3(1) = −1 

So, the point of tangency is (1, −1). 

 

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

 𝑦 − (−1) = 7(𝑥 − 1) 

𝑦 + 1 = 7𝑥 − 7 

𝑦 = 7𝑥 − 8 



 

Question 3, (2)  

∫ 7 cos (4𝑥 +
𝜋

3
) 𝑑𝑥 

=
7

4
sin  (4𝑥 +

𝜋

3
) + 𝑐 

 

Question 4, (2)  

𝑦 = 2𝑓(−𝑥) 

 

 

 

 

Question 5, (3)  

𝑓(𝑥) = (3 − 2𝑥)4 

𝑓′(𝑥) = 4(3 − 2𝑥)3 ∙ −2 

            = −8(3 − 2𝑥)3 

𝑓′(4) = −8(3 − 2(4))3 

            = −8(−5)3 

            = 1000 

So, the rate of change is 1000. 

 



 

Question 6, (3)  

𝑓(𝑥) =
2

𝑥
+ 3 

𝑦 =
2

𝑥
+ 3 

Swap 𝑥 and 𝑦 to give  

𝑥 =
2

𝑦
+ 3 

𝑥 − 3 =
2

𝑦
 

𝑦(𝑥 − 3) = 2 

𝑦 =
2

𝑥 − 3
 

So, 𝑓−1(𝑥) =
2

𝑥 − 3
 

 

Question 7, (5) 

sin 𝑥 + 2 = 3 cos 2𝑥 

sin 𝑥 + 2 = 3(1 − 2 𝑠𝑖𝑛2𝑥)  

sin 𝑥 + 2 = 3 − 6 𝑠𝑖𝑛2𝑥  

6 𝑠𝑖𝑛2𝑥 + sin 𝑥 − 1 = 0  

(3 sin 𝑥 − 1)(2 sin 𝑥 + 1) = 0 

 

3 sin 𝑥 − 1 = 0   2 sin 𝑥 + 1 = 0 

sin 𝑥 =
1

3
    sin 𝑥 = −

1

2
 

𝑠𝑖𝑛−1 (
1

3
) = 19.47°   𝑠𝑖𝑛−1 (

1

2
) = 30° 

Using CAST    Using CAST 

𝑥 = 19.47°    𝑥 = 180 + 30 = 210° 

𝑥 = 180 − 19.47 = 160.53°  360 − 30 = 330° 

 

Question 8, (5) 

∫ (𝑥3 − 2𝑥2 − 4𝑥 + 1) − (𝑥 − 5)
1

−2
 𝑑𝑥   

= ∫ 𝑥3 − 2𝑥2 − 5𝑥 + 6
1

−2

 𝑑𝑥 



 

= [
𝑥4

4
−

2𝑥3

3
−

5𝑥2

2
+ 6𝑥]−2

1  

= [
14

4
−

2(1)3

3
−

5(1)2

2
+ 6(1)] − [

(−2)4

4
−

2(−2)3

3
−

5(−2)2

2
+ 6(−2)] 

=
367

6
 

Area =
367

6
 units squared. 

 

Question 9, (4) (1) (2) 

a) 7 cos 𝑥 − 3 sin 𝑥 = 𝑘 sin(𝑥 + 𝑎) 

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

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

    

     cos 𝑎 =  −3  

     sin 𝑎 = 7 

     𝑘 = √(−3)2 + 72 = √58 

 

     tan 𝑎 =
7

−3
 

     𝑡𝑎𝑛−1 (
7

3
) = 66.8° 

     Using CAST 𝑎 = 180 − 66.8 = 113.2° 

 

     7 cos 𝑥 − 3 sin 𝑥 = √58 sin(𝑥 + 113.2)° 

 

b) i) 14 cos 𝑥 − 6 sin 𝑥 = 2( 7 cos 𝑥 − 3 sin 𝑥)   

                    = 2√58 sin(𝑥 + 113.2)° 

          The maximum value of this function is 2√58. 

 

    ii) The maximum value for the Sine function occurs at 𝑥 = 90°.  

          Since 𝑥 + 113.2 is a translation of the graph to the left by 113.2° the point  

          is 90 − 113.2 = −23.2. But since this is outside the range the answer is given  

          by −23.2 + 360 = 336.8°.  

 



 

Question 10, (4) 

𝑓(𝑥) = 2𝑥3 + 9𝑥2 − 24𝑥 + 6 

𝑓′(𝑥) = 6𝑥2 + 18𝑥 − 24 

Stationary points occur where 𝑓′(𝑥) = 0 giving 

6𝑥2 + 18𝑥 − 24 = 0 

𝑥2 + 3𝑥 − 4 = 0 

(𝑥 + 4)(𝑥 − 1) = 0 

𝑥 = −4, 𝑥 = 1 

 

𝑥 −10 −4 0 1 10 

𝑓′(𝑥) + 0 − 0 + 

𝑆ℎ𝑎𝑝𝑒 
 

 
   

 

 

So, the function is decreasing between −4 and 1, giving −4 < 𝑥 < 1.  

 

Question 11, (3) (3) 

a) 𝐶1 has centre (4, −2) and 𝐶2 has centre (−1, 3). 

     Using the distance formula gives 

     𝑑 = √(4 − (−1))2 + (−2 − 3)2 

         = √(5)2 + (−5)2 

         = √50 

         = 5√2 = 7.07 

 

b) Radius of 𝐶1 is √37 = 6.08 

      Radius of 𝐶1 is √12 + (−3)2 − (−7) = √17 = 4.12 

      Adding the radii gives 6.08 + 4.12 = 10.2. 

 

      Since the sum of the radii is greater than the distance between the centres the 

      circles must intersect at two points. 



 

Question 12, (4) 

𝑑𝑦

𝑑𝑥
= 8𝑥3 + 3 

∫ 8𝑥3 + 3  𝑑𝑥 

=
8𝑥4

4
+ 3𝑥 + 𝑐 

= 2𝑥4 + 3𝑥 + 𝑐 

So, 𝑦 = 2𝑥4 + 3𝑥 + 𝑐 

 

Substitute (−1, 3) to give 

3 = 2(−1)4 + 3(−1) + 𝑐 

3 = 2 − 3 + 𝑐 

𝑐 = 4 

 

So, 𝑦 = 2𝑥4 + 3𝑥 + 4 

 

Question 13, (1) (3) 

a) 𝑐𝑡 = 11𝑒−0.0053𝑡 

     Substitute 𝑡 = 30 to give 

     𝑐30 = 11𝑒−0.0053 𝑥 30 

            = 9.38 

     Concentration is 9.38 𝑚𝑔/𝑙. 

 

b) 𝑐𝑡 = 11𝑒−0.0053𝑡 

     Substitute 𝑐𝑡 = 0.66 to give 

     0.66 = 11𝑒−0.0053𝑡 

     
0.66

11
= 𝑒−0.0053𝑡 

     ln
0.66

11
= −0.0053𝑡 

     𝑡 = (ln
0.66

11
)/−0.0053 

     𝑡 = 530.8 

     So, the time is 538.8 minutes.  

 



 

Question 14, (1) (2) (4) 

a) i) Area = (2𝑥 ∙ 3𝑥) + 2(ℎ ∙ 2𝑥) + 2(ℎ ∙ 3𝑥) 

                    = 6𝑥2 + 4ℎ𝑥 + 6ℎ𝑥 

                    = 6𝑥2 + 10ℎ𝑥 

 

    ii) Volume = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 𝑏𝑟𝑒𝑎𝑑𝑡ℎ 𝑥 ℎ𝑒𝑖𝑔ℎ𝑡 

             = 3𝑥 ∙ 2𝑥 ∙ ℎ 

             = 6ℎ𝑥2 

 

         Area = 7200 and Area = 6𝑥2 + 10ℎ𝑥 

         Equating gives  

         6𝑥2 + 10ℎ𝑥 = 7200 

         10ℎ𝑥 = 7200 − 6𝑥2 

         ℎ =
7200 − 6𝑥2

10𝑥
 

   

         Substitute ℎ =
7200 − 6𝑥2

10𝑥
 into 6ℎ𝑥2 to give  

         Volume = 6𝑥2(
7200 − 6𝑥2

10𝑥
) 

                         =
43200𝑥2 − 36𝑥4

10𝑥
 

            = 4320𝑥 −
18

5
𝑥3 

 

b) 𝑉 = 4320𝑥 −
18

5
𝑥3  

     𝑣′(𝑥) = 4320 −
54

5
𝑥2 

     Maximum volume occurs where 𝑣′(𝑥) = 0 giving  

     4320 −
54

5
𝑥2 = 0 

     21600 − 54𝑥2 = 0 

     54𝑥2 = 21600 

     𝑥2 = 400 

     𝑥 = 20  (𝑥 cannot be −20 since it is a length) 

 

 



 

 

𝑥 10 20 30 

𝑉′(𝑥) + 0 − 

𝑆ℎ𝑎𝑝𝑒 
 

 
 

 

    So, 𝑥 = 20 does give a maximum volume of the box.  

 

Question 15, (4) 

𝑥 + 3𝑦 = 17 

𝑦 = −
1

3
𝑥 +

17

3
 

So, the gradient of the tangent line is −
1

3
. 

Therefore, the gradient of the radius line is 3 since they are perpendicular. 

 

Since the circle centre lines on the y-axis it has an 𝑥 co-ordinate of 0.  

Let the circle centre be (0, 𝑦). 

Then the gradient of the radius line using the points (2, 5) and (0, 𝑦) is 

 

𝑚 =
𝑦 − 5

0 − 2
=

𝑦 − 5

−2
 

 

Set this equal to the known gradient, 3, to give  

𝑦 − 5

−2
= 3 

𝑦 − 5 = −6 

𝑦 = −1 

 

So, the centre of the circle is at (0, −1). 

 

 

 


