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Question 1, (1)(2) 

a) 𝑓(𝑔(𝑥)) = 𝑓(2 cos 𝑥) = 5 ∙ 2 cos 𝑥 = 10 cos 𝑥 

     𝑓(𝑔(0)) = 10 ∙ cos 0 = 10 

 

b) 𝑔(𝑓(𝑥)) = 𝑔(5𝑥) = 2 cos(5𝑥) 

 

Question 2, (4) 

𝑥2 + 𝑦2 − 8𝑥 − 6𝑦 − 15 = 0 

Centre = (4, 3) 

Let 𝐶 = (4, 3) 

𝑚𝐶𝑃 =
3 − 1

4 − (−2)
=

1

3
 

𝑚𝑡𝑎𝑛 = −3 since perpendicular to CP  

 

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

            𝑦 − 1 = −3(𝑥 − (−2)) 

                    𝑦 = −3𝑥 − 5 

 

Question 3, (2) 

𝑦 = (4𝑥 − 1)12 

𝑑𝑦

𝑑𝑥
= 12(4𝑥 − 1)11 ∙ 4 

      = 48(4𝑥 − 1)11 

 

Question 4, (3) 

𝑥2 + 4𝑥 + (𝑘 − 5) = 0 

𝑎 = 1, 𝑏 = 4, 𝑐 = 𝑘 − 5 



 

For equal roots 𝑏2 − 4𝑎𝑐 = 0 

42 − 4 ∙ 1 ∙ (𝑘 − 5) = 0 

16 − 4𝑘 + 20 = 0, 𝑘 = 9 

 

Question 5, (1)(3) 

a) 𝑢 ∙ 𝑣 = (5 ∙ 3) + (1 ∙ −8) + (−1 ∙ 6) = 1 

 

b) |𝑢| = √52 + 12 + (−1)2 = √27 

     𝑢 ∙ 𝑤 = |𝑢||𝑤| cos(
𝜋

3
) 

               = √27 ∙ √3 ∙
1

2
 

               = √81 ∙
1

2
 

               =
9

2
 

 

Question 6, (3) 

ℎ(𝑥) = 𝑥3 + 7 

Let 𝑦 = ℎ(𝑥) 

𝑦 = 𝑥3 + 7 

Swapping 𝑥 & 𝑦 gives  

𝑥 = 𝑦3 + 7 

𝑦3 = 𝑥 − 7 

𝑦 = √𝑥 − 7
3

 

 

So, ℎ−1(𝑥) = √𝑥 − 7
3

 

 

Question 7, (3) 

Midpoint of AB = (2, 7) 

Let M = (2, 7) 

𝑚𝐶𝑀 =
11−7

2−2
  which is undefined  

So, the line is vertical and since it goes through (2, 7) has equation  

𝑥 = 2 

 



 

Question 8, (3) 

𝑑(𝑡) =
1

2𝑡
=

𝑡−1

2
=

1

2
𝑡−1 

𝑑′(𝑡) = −
1

2
𝑡−2 = −

1

2𝑡2
 

𝑑′(5) = −
1

2 ∙ 52
= −

1

50
 

So, the rate of change of 𝑑(𝑡) when 𝑡 = 5 is −
1

50
 

 

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

a) 𝑢𝑛+1 = 𝑚𝑢𝑛 + 6 

     𝑢2 = 𝑚𝑢1 + 6 

     13 = 28𝑚 + 6 

     7 = 28𝑚  

     𝑚 =
1

4
 

 

b) i) Since −1 <
1

4
< 1 the sequence has a limit as 𝑛 → ∞ 

    ii) Limit =
6

1−
1

4

=
6
3

4

= 8 

 

Question 10, (5)(4)  

a) Shaded Area = ∫ (𝑡𝑜𝑝 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 − 𝑏𝑜𝑡𝑡𝑜𝑚 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛) 𝑑𝑥
2

0
 

                               = ∫ (𝑥3 − 4𝑥2 + 3𝑥 + 1) − (𝑥2 − 3𝑥 + 1) 𝑑𝑥
2

0
 

                               = ∫ (𝑥3 − 5𝑥2 + 6)
2

0
 𝑑𝑥 

                               = [
1

4
𝑥4 −

5

3
𝑥3 + 6𝑥]0

2 

                               = (4 −
40

3
+ 12) − (0) 

                               =
8

3
 𝑢𝑛𝑖𝑡𝑠2 

 

b) Area = ∫ (𝑡𝑜𝑝 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 − 𝑏𝑜𝑡𝑡𝑜𝑚 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛) 𝑑𝑥
2

0
 

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

0
 

                = ∫ (2𝑥 − 𝑥2) 𝑑𝑥
2

0
 



 

               = [𝑥2 −
1

3
𝑥3]0

2 

               = (4 −
8

3
) − (0) 

               =
4

3
 𝑢𝑛𝑖𝑡𝑠2  

 

     Since the total shaded area is 
8

3
 𝑢𝑛𝑖𝑡𝑠2 

1

2
 of the shaded area is below the line 1 − 𝑥 

 

 

Question 11, (3) 

3𝑦 − 2𝑥 = 4 

𝑦 =
2

3
𝑥 +

4

3
 

The gradient of this line is 
2

3
 

The gradient of the line joining A&B is also 
2

3
 since parallel  

𝑚𝐴𝐵 =
2 − 𝑎

−7 − 5
=

2

3
 

2 − 𝑎

−12
=

2

3
 

2 − 𝑎 = −8 

        𝑎 = 10 

 

 

Question 12, (3) 

log𝑎 36 − log𝑎 4 =
1

2
 

log𝑎 (
36

4
) =

1

2
 

log𝑎 9 =
1

2
 

Rewriting as an exponential to give  

𝑎
1
2 = 9 

𝑎 = 92 = 81 

 

 



 

Question 13, (4) 

∫
1

(5 − 4𝑥)
1
2

 𝑑𝑥 

= ∫(5 − 4𝑥)−
1
2 𝑑𝑥 

=
(5 − 4𝑥)

1
2

1
2

∙ (−4)
+ 𝑐 

= −
1

8
(5 − 4𝑥)

1
2 + 𝑐 

 

 

Question 14, (4)(3) 

a) Let √3sin 𝑥 − cos 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  

     By inspection √3 = 𝑘 cos 𝑎 and 1 = 𝑘 sin 𝑎 

 

     𝑘 = √(√3)2 + 12 = 2 

     
𝑘 sin𝑎

𝑘 cos 𝑎
=

1

√3
= tan 𝑎 

     𝑎 = 𝑡𝑎𝑛−1 (
1

√3
) = 30° 

    Confirm that this answer is in the correct quadrant using CAST 

 

     So, √3sin 𝑥 − cos 𝑥 = 2 sin(𝑥 − 30)° 

 

b) Since √3sin 𝑥 − cos 𝑥 = 2 sin(𝑥 − 30)° the graph of 𝑦 = √3 sin 𝑥 − cos 𝑥 is the same    

     as the graph of 𝑦 = 2sin(𝑥 − 30). 

 

 

 

 

 



 

 

 
 
 
 

Question 15, (2)(1)(1) 

a) The graph of ℎ(𝑥) has been shifted +5 units in the 𝑥 direction and +3 units in the 𝑦   

      direction. So, we have 𝑎 = −5, 𝑏 = 3 

 

b) ∫ ℎ(𝑥) 𝑑𝑥 = ∫ 𝑓(𝑥) 𝑑𝑥 + (2.3)
3

1

8

6
                      [2.3 = the area of the rectangle] 

                           = 4 + 6 = 10 

 

c) 𝑓′(1) = 6 tells us that the gradient of the tangent line at 𝑥 = 1 is 6.  

    By inspection of the symmetry of the graph of ℎ(𝑥) we have ℎ′(8) = −𝑓′(1) = −6 

 

 

 

 

 

 

 

 

 

 

 

30° 210° 

𝑦 = 2 sin(𝑥 − 30)° 



 

2017 Higher Mathematics Paper 2 

 

Click to jump to question: 

1  2  3  4  5  6  7  8  9  10  11  

 

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

a) 𝑚𝐵𝐶 =
0−(−2)

3−9
= −

1

3
 

     𝑚𝑝𝑒𝑟𝑝 = 3 

     Midpoint of BC = (6,−1) 

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (6,−1) gives  

     𝑦 − (−1) = 3(𝑥 − 1) 

     𝑦 = 3𝑥 − 19 

 

b) 𝑚𝐴𝐵 = tan 45° = 1 

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (3, 0) gives 

     𝑦 − 0 = (𝑥 − 3) 

     𝑦 = 𝑥 − 3 

 

c) Equating gives 3𝑥 − 19 = 𝑥 − 3 

     2𝑥 = 16 

     𝑥 = 8 

     When 𝑥 = 8, 𝑦 = 5 

     So, the point of intersection is (8, 50)  

 

Question 2, (2)(3)  

a) 𝑓(𝑥) = 2𝑥3 − 5𝑥2 + 𝑥 + 2 

     Using synthetic division gives 

     

1 2 −5 1 2 

        2    −3    −2 

       2           −3    −2       0 

 



 

     Since the remainder is zero, 𝑥 − 1 is a factor of 𝑓(𝑥) 

 

b) 𝑓(𝑥) = 2𝑥3 − 5𝑥2 + 𝑥 + 2 

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

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

 

     For 𝑓(𝑥) = 0 we have  

     (𝑥 − 1)(2𝑥 + 1)(𝑥 − 2) = 0 

      𝑥 = −
1

2
, 𝑥 = 1, 𝑥 = 2 

 

Question 3, (5) 

(𝑥 − 2)2 + (𝑦 − 1)2 = 25 

Substituting 𝑦 = 3𝑥 into the circle equation gives  

(𝑥 − 2)2 + (3𝑥 − 1)2 = 25 

Expanding brackets and simplifying gives  

𝑥2 − 2𝑥 − 2 = 0 

(𝑥 − 2)(𝑥 + 1) = 0 

𝑥 = −1, 𝑥 = 2 

When 𝑥 = −1, 𝑦 = −3 giving (−1,−3) 

When 𝑥 = 2, 𝑦 = 6 giving (2, 6) 

 

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

a) 3𝑥2 + 24𝑥 + 50 = 3(𝑥2 + 8𝑥) + 50 

                                     = 3[(𝑥 + 4)2 − 16] + 50 

                                     = 3(𝑥 + 4)2 − 48 + 50 

                                     = 3(𝑥 + 4)2 + 2 

 

b)𝑓(𝑥) = 𝑥3 + 12𝑥2 + 50𝑥 − 11 

    𝑓′(𝑥) = 3𝑥2 + 24𝑥 + 50 

 

c) 𝑓′(𝑥) = 3𝑥2 + 24𝑥 + 50 

                = 3(𝑥 + 4)2 + 2         from a)  

    Since (𝑥 + 4)2 ≥ 0,3(𝑥 + 4)2 + 2 > 0  



 

     

So, 𝑓′(𝑥) > 0 meaning that 𝑓(𝑥) is strictly increasing for all 𝑥 

 

Question 5, (2)(2)(5) 

a) 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑃𝑅⃗⃗⃗⃗  ⃗ + 𝑅𝑄⃗⃗ ⃗⃗  ⃗ = (9𝑖 + 5𝑗 + 2𝑘) + (−12𝑖 − 9𝑗 + 3𝑘) = −3𝑖 − 4𝑗 + 5𝑘 

 

b) 𝑃𝑆⃗⃗ ⃗⃗ = 𝑃𝑄⃗⃗ ⃗⃗  ⃗ + 𝑄𝑆⃗⃗⃗⃗  ⃗ 

            = 𝑃𝑄⃗⃗⃗⃗  ⃗ +
1

3
𝑄𝑅⃗⃗⃗⃗  ⃗ 

            = −3𝑖 − 4𝑗 + 5𝑘 +
1

3
(−𝑅𝑄)⃗⃗⃗⃗ ⃗⃗⃗⃗   

            = −3𝑖 − 4𝑗 + 5𝑘 +
1

3
(12𝑖 + 9𝑗 − 3𝑘) 

            = −3𝑖 − 4𝑗 + 5𝑘 + 4𝑖 + 3𝑗 − 𝑘 

            = 𝑖 − 𝑗 + 4𝑘 

 

c) 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑆⃗⃗ ⃗⃗ = −3 + 4 + 20 = 21 

    |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √(−3)2 + (−4)2 + 52 = √50 

    |𝑃𝑆⃗⃗ ⃗⃗ | = √12 + (−1)2 + 42 = √18 

    Let 𝜃 be the angle between 𝑃𝑆⃗⃗ ⃗⃗  and 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑄𝑃𝑆  

    21 = √50 ∙ √18 ∙ cos 𝜃 

    
21

√50√18
= cos 𝜃 

    𝜃 = 𝑐𝑜𝑠−1(
21

√50√18
) 

    𝜃 = 45.6° 

 

Question 6, (5) 

5 sin 𝑥 − 4 = 2cos 2𝑥 

5 sin 𝑥 − 4 = 2(1 − 2sin2𝑥)   from double angle formula  

5 sin 𝑥 − 4 = 2 − 4 sin2𝑥 

Rearranging gives  

4 sin2𝑥 + 5 sin 𝑥 − 6 = 0 

(4 sin 𝑥 − 3)(sin 𝑥 + 2) = 0 

 



 

Separating into two equations gives  

4 sin 𝑥 − 3 = 0 and sin 𝑥 + 2 = 0 

 

4 sin 𝑥 − 3 = 0 

sin 𝑥 =
3

4
 

𝑥 = 𝑠𝑖𝑛−1 (
3

4
) = 0.85 radians  

𝑥 = 𝜋 − 0.85 = 2.3 radians  

 

sin 𝑥 + 2 = 0 

sin 𝑥 = −2 

No solutions since −1 ≤ sin 𝑥 ≤ 1 

 

Question 7, (4)(3) 

a) 𝑦 = 6𝑥 − 2√𝑥3 

     𝑦 = 6𝑥 − 2𝑥
3

2 

     
𝑑𝑦

𝑑𝑥
= 6 − 3𝑥

1

2 

     For stationary points 
𝑑𝑦

𝑑𝑥
= 0  

     6 − 3𝑥
1

2 = 0 

     6 = 3𝑥
1

2 

     2 = 𝑥
1

2 

     Squaring both sides gives  

     4 = 𝑥 

 

b) When 𝑥 = 4, 𝑦 = 8 

      When 𝑥 = 1, 𝑦 = 4 

      When 𝑥 = 9, 𝑦 = 0 

      So, the maximum value of 𝑦 on 1 ≤ 𝑥 ≤ 9 is 8 

      And the minimum value is 0  

   

 



 

Question 8, (2)(4)  

a) 𝑢𝑛+1 = 𝑘𝑢𝑛 − 20 

     𝑢1 = 𝑘 ∙ 𝑢0 − 20 = 5𝑘 − 20 

     𝑢2 = 𝑘 ∙ 𝑢1 − 20 = 𝑘(5𝑘 − 20) − 20 

                                      = 5𝑘2 − 20𝑘 − 20 

 

b) Let 𝑢2 < 𝑢0 to give  

     5𝑘2 − 20𝑘 − 20 < 5 

     5𝑘2 − 20𝑘 − 25 < 0 

     Let 5𝑘2 − 20𝑘 − 25 = 0 

                    𝑘2 − 4𝑘 − 5 = 0 

              (𝑘 − 5)(𝑘 + 1) = 0 

                        𝑘 = −1, 𝑘 = 5 

     So, 5𝑘2 − 20𝑘 − 25 < 0 when −1 ≤ 𝑘 ≤ 5 

 

Question 9, (5)  

𝑦 = 𝑘𝑥𝑛 

log2 𝑦 = log2 𝑘𝑥𝑛 

log2 𝑦 = log2 𝑘 + log2 𝑥𝑛 

log2 𝑦 = log2 𝑘 + nlog2 𝑥 

Reorder to give  

log2 𝑦 = n log2 𝑥 + log2 𝑘 

 

n is the line gradient =
3−0

0−(−12)
=

1

4
 

 

log2 𝑘 is the y intercept 

log2 𝑘 = 3 

𝑘 = 23 = 8 

 

 

 

 



 

Question 10, (3)(4) 

 a) 𝐴 = (−7,−2),𝐵 = (2, 1), 𝐶 = (17, 6) 

     𝐴𝐵⃗⃗⃗⃗  ⃗ = (9
3
) =

1

3
(3
1
) 

     𝐵𝐶⃗⃗⃗⃗  ⃗ = (15
5
) =

1

5
(3
1
) 

     So, 𝐴𝐵⃗⃗⃗⃗  ⃗ =
3

5
𝐵𝐶⃗⃗⃗⃗  ⃗  showing that 𝐴𝐵⃗⃗⃗⃗  ⃗ & 𝐵𝐶⃗⃗⃗⃗  ⃗ are parallel and since B is a common points  

     A, B,  & C are collinear. 

 

b) 𝑟𝐴 = √10 

     𝑟𝐵 = 2√10 

     𝑟𝐶 = 𝑟𝐴 + 𝑟𝐵 = 3√10 

     By inspection of the graph the radius of the circle with centre D is 6√10 

 

     The point D divides the line AC in the ratio 5: 3 

     So, 𝐴𝐷⃗⃗⃗⃗  ⃗ =
5

8
𝐴𝐶⃗⃗⃗⃗  ⃗ =

5

8
(24

8
) = (15

5
) 

     Then 𝐷 = (−7 + 15,−2 + 5) = (8, 3) 

     So, the circle centre is (8, 3) 

 

     (𝑥 − 8)2 + (𝑦 − 3)2 = (6√10)2 

     (𝑥 − 8)2 + (𝑦 − 3)2 = 360 

 

Question 11, (3)(3)  

a) 
sin 2𝑥

2cos 𝑥
− sin 𝑥 cos2𝑥 =

2sin 𝑥 cos 𝑥

2 cos𝑥
− sin 𝑥 cos2𝑥 

                                           = sin𝑥 − sin 𝑥 cos2𝑥 

                                           = sin𝑥 − sin𝑥 (1 − sin2𝑥)        since sin2𝑥 + cos2𝑥 = 1 

                                           = sin𝑥 − sin𝑥 + sin3𝑥 

                                           = sin3𝑥 

 

b) 
𝑑

𝑑𝑥
(

sin 2𝑥

2cos 𝑥
− sin 𝑥 cos2𝑥) =

𝑑

𝑑𝑥
(sin3𝑥) 

                                                    =
𝑑

𝑑𝑥
(sin 𝑥)3 

                                                    = 3(sin 𝑥)2 ∙ cos 𝑥 = 3 cos 𝑥 sin2𝑥                     


