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Question 1, (3)  

5𝑥 + 2𝑦 = 7 

2𝑦 = −5𝑥 + 7 

𝑦 =
−5

2
𝑥 +

7

2
 

So, the gradient is 
−5

2
. 

The perpendicular gradient is 
2

5
.  

 

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

𝑦 − 6 =
2

5
(𝑥 − (−1)) 

𝑦 − 6 =
2

5
(𝑥 + 1) 

5𝑦 − 30 = 2𝑥 + 2 

5𝑦 = 2𝑥 + 32 

𝑦 =
2

5
𝑥 +

32

5
 

 

Question 2, (3)  

2 log3 6 − log3 4 

= log3 62 − log3 4 

= log3 36 − log3 4 

= log3

36

4
 

= log3 9 

= 2 

 



 

Question 3, (3)  

ℎ(𝑥) = 4 +
1

3
𝑥             

𝑦 = 4 +
1

3
𝑥 

Swap 𝑥 and 𝑦  

𝑦 = 4 +
1

3
𝑥 

3𝑦 = 12 + 𝑥 

𝑥 = 3𝑦 − 12 

So, ℎ−1(𝑥) = 3𝑥 − 12 

 

Question 4, (3)  

 𝑦 = √𝑥3 − 2𝑥−1 

𝑦 = 𝑥
3
2 − 2𝑥−1 

𝑑𝑦

𝑑𝑥
=

3

2
𝑥

1
2 + 2𝑥−2 

𝑑𝑦

𝑑𝑥
=

3

2
𝑥

1
2 +

2

𝑥2
 

 

Question 5, (3) 

Angle in positive direction of 𝑥-axis is 
𝜋

2
−

𝜋

3
=

𝜋

6
 

Gradient = 𝑡𝑎𝑛
𝜋

6
=

1

√3
 

 

Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (−2, 0) gives 

𝑦 − 0 =
1

√3
(𝑥 − (−2)) 

𝑦 − 0 =
1

√3
(𝑥 + 2) 

𝑦 =
1

√3
𝑥 +

2

√3
 

 

 

 

 



 

Question 6, (4) 

∫ (10 − 3𝑥)−
1
2 𝑑𝑥

2

−5

 

= [
(10 − 3𝑥)

1
2

−
3
2

]−5
2  

= [−
2

3
(10 − 3𝑥)

1
2]−5

2  

= [−
2

3
(10 − 3(2))

1
2] − [−

2

3
(10 − 3(−5))

1
2] 

= [−
2

3
√4] − [−

2

3
√25] 

= −
4

3
+

10

3
 

= 2 

 

Question 7, (1) (1) (3)   

a) i) sin 𝑟 = 
1

√10
 

    ii) sin 𝑞 = 
3

√13
 

 

b) sin(𝑞 − 𝑟) = sin 𝑞 cos 𝑟 − cos 𝑞 sin 𝑟 

              = (
3

√13
) (

3

√10
) − (

2

√13
)(

1

√10
) 

                           =
9

√130
−

2

√130
 

                 =
7

√130
 

 

Question 8, (4) 

 log6 𝑥 + log6(𝑥 + 5) = 2 

= log6 𝑥 (𝑥 + 5) = 2 

= log6(𝑥2 + 5𝑥) = 2 

Rearrange as an exponential to give  

𝑥2 + 5𝑥 = 62 

𝑥2 + 5𝑥 − 36 = 0 

(𝑥 + 9)(𝑥 − 4) = 0 



 

𝑥 + 9 = 0 and 𝑥 − 4 = 0 

𝑥 = −9 and 𝑥 = 4 

Since 𝑥 > 0 the solution is 𝑥 = 4 

 

Question 9, (5)  

 cos 2𝑥 = 5 cos 𝑥 − 3 

2𝑐𝑜𝑠2𝑥 − 1 = 5 cos 𝑥 − 3 

2𝑐𝑜𝑠2𝑥 − 5 𝑐𝑜𝑠𝑥 + 2 = 0 

(2𝑐𝑜𝑠𝑥 − 1)(cos 𝑥 − 2) = 0 

 

2𝑐𝑜𝑠𝑥 − 1 = 0      𝑐𝑜𝑠𝑥 − 2 = 0 

cos 𝑥 =
1

2
      cos 𝑥 = 2 

𝑐𝑜𝑠−1 (
1

2
) = 30°     No solutions  

From CAST 𝑥 = 360° − 30° = 330° 

So, 𝑥 = 30°, 330° 

 

Question 10, (3) (1)  

a)  

 

 

b) (0, 3), (8, 0) 



 

Question 11, (3) 

2𝑥2 + 12𝑥 + 23 

= 2[𝑥2 + 6𝑥] + 23 

= 2[(𝑥 + 3)2 − 9] + 23 

= 2(𝑥 + 3)2 − 18 + 23 

= 2(𝑥 + 3)2 + 5 

 

Question 12, (3)  

𝑓(𝑥) = 4 sin(3𝑥 −
𝜋

3
) 

𝑓′(𝑥) = 12 cos(3𝑥 −
𝜋

3
) 

𝑓′ (
𝜋

6
) = 12 cos(3(

𝜋

6
) −

𝜋

3
) 

= 12 cos(
𝜋

2
−

𝜋

3
) 

= 12 cos(
𝜋

6
) 

 = 12 ∙
√3

2
 

= 6√3 

 

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

a) i)  

      -2 1 -2 -20 -24 

       -2        8      24 

       1            -4     -12       0 

 

        Since the remainder is 0, (𝑥 + 2) is a factor of 𝑓(𝑥). 

 

   ii) 𝑓(𝑥) = 0 

        𝑥3 − 2𝑥2 − 20𝑥 − 24 = 0 

        Using the synthetic division table quotient gives 

        (𝑥 + 2)(𝑥2 − 4𝑥 − 12) = 0 

        (𝑥 + 2)(𝑥 − 6)(𝑥 + 2) = 0 

        𝑥 = −2, 𝑥 = 6 



 

 

b) 𝑘 = 3 since the stationary point on the graph of 𝑦 = 𝑓(𝑥) is at (−2, 0) and so has 

     been moved by ‘3’ units to the right.  

 

Question 14, (2) (2) (2)   

a) i) Centre is (7, −5). Radius is √100 = 10.  

 

    ii) Using the distance formula with points (−2, 7) and (7, −5) gives 

          𝑑 = √(7 − (−5))2 + (−2 − 7)2 

          𝑑 = √(12)2 + (−9)2 

          𝑑 = √144 + 81 

          𝑑 = √225 

         𝑑 = 15 

          Since the distance between the points is greater than the radius of the circle, the  

          Point P must lie outside the circle.  

 

b) One point of intersection means that the distance between the circle centres is 

      equal to the sum of the circle radii. 

 

      distance between the circle centres = sum of radii 

     15 = 10 + 𝑟 

      𝑟 = 5 

 

     By considering the geometry a second solution exists by adding the diameter of 𝐶1 to 

      the first solution, giving a second solution of 5 + 20 = 25. 

 

 

 

 

 

 



 

2022 Higher Mathematics Paper 2  

 

Click to jump to question: 

Paper 2: 1  2  3  4  5  6  7  8  9  10  

 

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

a) 𝑚𝐴𝐵 =
−4 − (−1)

2 − (−1)
= −

3

3
= −1 

     𝑚𝑝𝑒𝑟𝑝 = 1 

 

      Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (7, 3) gives 

      𝑦 − 3 = 1(𝑥 − 7) 

      𝑦 − 3 = 𝑥 − 7 

      𝑦 = 𝑥 − 4    

   

b) The midpoint of AC is (3, 1). 

      Using points (2, −4) and (3, 1) gives 

      𝑚 =
−4 − 1

2 − 3
=

−5

−1
= 5 

     

     Using 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) with (3, 1) gives  

     𝑦 − 1 = 5(𝑥 − 3)   

     𝑦 − 1 = 5𝑥 − 15 

     𝑦 = 5𝑥 − 14 

 

c) Equate the lines from parts a) and b) to give 

     𝑥 − 4 = 5𝑥 − 14 

     −4𝑥 = −10 

     𝑥 = 2.5 

 

    When 𝑥 = 2.5, 𝑦 = 2.5 − 4 = −1.5  

    So, the point of intersection is (2.5, −1.5) 

 

 



 

Question 2, (3) 

2𝑥2 − 8𝑥 + (4 − 𝑝) = 0 

𝑎 = 2, 𝑏 = −8, 𝑐 = 4 − 𝑝 

𝑏2 − 4𝑎𝑐 = (−8)2 − 4(2)(4 − 𝑝) 

      = 64 − 32 + 8𝑝 

                   = 8𝑝 + 32 

 

Since it is two real and distinct roots we have 𝑏2 − 4𝑎𝑐 > 0 

8𝑝 + 32 > 0 

8𝑝 > −32 

𝑝 > −4 

 

Question 3, (4) (3) 

a) 4 sin 𝑥 + 5 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 

     Equating gives 

     𝑘 cos 𝑎 = 4 and 𝑘 sin 𝑎 = 5 

       

     𝑘 = √42 + 52 = √41 

 

     tan 𝑎 =
5

4
 

     𝑎 = 𝑡𝑎𝑛−1 (
5

4
) = 0.896 

 

     So, 4 sin 𝑥 + 5 cos 𝑥 = √41 sin(𝑥 + 0.896) 

 

b) 4 sin 𝑥 + 5 cos 𝑥 = 5.5 

     Using the result from part a) gives  

     √41 sin(𝑥 + 0.896) = 5.5 

      sin(𝑥 + 0.896) =
5.5

√41
 

 



 

     𝑠𝑖𝑛−1 (
5.5

√41
) = 1.033 

     Using CAST we have 𝜋 − 1.033 = 2.108 

 

     So, 𝑥 + 0.896 = 1.033 and 𝑥 + 0.896 = 2.108 

     Giving 𝑥 = 0.137 and 𝑥 = 1.212 

  

Question 4, (4) (3)   

a) ∫ 𝑥3 − 5𝑥2 + 2𝑥 + 8 𝑑𝑥
2

−1
 

      = [
𝑥4

4
−

5𝑥3

3
+

2𝑥2

2
+ 8𝑥]1

2 

      = [
𝑥4

4
−

5𝑥3

3
+ 𝑥2 + 8𝑥]1

2 

      = (
24

4
−

5(23)

3
+ 22 + 8(2)) − (

14

4
−

5(13)

3
+ 12 + 8(1)) 

      =
63

4
 

    Area =
63

4
 square units. 

 

b) We start by finding the shaded area underneath the 𝑥 axis.   

      ∫ 𝑥3 − 5𝑥2 + 2𝑥 + 8 𝑑𝑥
4

2
 

      = [
𝑥4

4
−

5𝑥3

3
+

2𝑥2

2
+ 8𝑥]2

4 

      = [
𝑥4

4
−

5𝑥3

3
+ 𝑥2 + 8𝑥]2

4 

      = (
44

4
−

5(43)

3
+ 4 + 8(4)) − (

24

4
−

5(23)

3
+ 22 + 8(2)) 

      = −
16

3
 

      Area =
16

3
 square units. 

 

      Total Area =
63

4
+

16

3
=

253

12
 square units. 

 

 

 

 



 

Question 5, (2) (1) (4)  

a) i) 𝑓(𝑔(𝑥)) = 𝑓(3𝑥 + 5) 

                           = (3𝑥 + 5)2 − 2 

              = 9𝑥2 + 15𝑥 + 15𝑥 + 25 − 2 

                           = 9𝑥2 + 30𝑥 + 23 

 

   ii) 𝑔(𝑓(𝑥)) = 𝑔(𝑥2 − 2) 

             = 3(𝑥2 − 2) + 5 

             = 3𝑥2 − 1 

 

b) 𝑓(𝑔(𝑥)) < 𝑔(𝑓(𝑥)) 

     9𝑥2 + 30𝑥 + 23 < 3𝑥2 − 1 

     6𝑥2 + 30𝑥 + 24 < 0 

     𝑥2 + 5𝑥 + 4 < 0 

     (𝑥 + 4)(𝑥 + 1) < 0 

 

     Consider the graph of 𝑦 = (𝑥 + 4)(𝑥 + 1) to see that −4 < 𝑥 < −1 

 

Question 6, (5)  

𝑑𝑦

𝑑𝑥
= 1 −

3

𝑥2
= 1 − 3𝑥−2 

 

 ∫ 1 − 3𝑥−2 𝑑𝑥 = 𝑥 + 3𝑥−1 + 𝑐 

    = 𝑥 +
3

𝑥
+ 𝑐 

 

So, 𝑦 = 𝑥 +
3

𝑥
+ 𝑐 

Substitute (3, 6) to give 

6 = 3 +
3

3
+ 𝑐 

6 = 3 + 1 + 𝑐 

𝑐 = 2 

 𝑦 = 𝑥 +
3

𝑥
+ 2 



 

Question 7, (5) 

𝑦 = 𝑘𝑥𝑛 

log5 𝑦 = log5( 𝑘𝑥𝑛) 

log5 𝑦 = log5( 𝑘) + log5(𝑥𝑛) 

log5 𝑦 = 𝑛 log5 𝑥 + log5 𝑘 

This is in the format of a straight line with gradient 𝑛 and y-intercept log5 𝑘. 

 

Using (0, 3) and (2, −1) the gradient of the line is  

3 − (−1)

0 − 2
=

4

−2
= −2   

So, 𝑛 = −2              

 

From the graph the y-intercept is at 3, giving  

log5 𝑘 = 3 

𝑘 = 53 = 125 

 

Question 8, (3) (6) 

a) Area of Pond = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 𝑏𝑟𝑒𝑎𝑑𝑡ℎ 

      = (𝑥 − 2 ∙ 1.5)(𝑦 − 2 ∙ 1)  

      = (𝑥 − 3)(𝑦 − 2)   (1) 

 

     Area of Path & Pond = 𝑥𝑦 

     So, 𝑥𝑦 = 150 

              𝑦 =
150

𝑥
 

 

     Substituting into (1) gives  

     Area of Pond = (𝑥 − 3)(
150

𝑥
− 2) 

                  = 150 − 2𝑥 −
450

𝑥
+ 6 

                  = 150 − 2𝑥 −
450

𝑥
+ 6 

                  = 156 − 2𝑥 −
450

𝑥
 

 

     So, 𝐴(𝑥) = 156 − 2𝑥 −
450

𝑥
 



 

b) 𝐴(𝑥) = 156 − 2𝑥 −
450

𝑥
 

                = 156 − 2𝑥 − 450𝑥−1 

 

     𝐴′(𝑥) = −2 + 450𝑥−2 

    = −2 +
450

𝑥2  

    Maximum area occurs where 𝐴′(𝑥) = 0, giving  

 

    −2 +
450

𝑥2 = 0 

    
450

𝑥2 = 2 

    450 = 2𝑥2 

    𝑥2 = 225 

    𝑥 = 15   (discard 𝑥 = −15 since it is a length and cannot be negative) 

 

𝑥 10 15 20 

𝐴′(𝑥) + 0 − 

𝑆ℎ𝑎𝑝𝑒 
 

 
 

 

    This shows that 𝑥 = 15 gives a maximum value of 𝐴(𝑥). 

 

    𝐴(15) = 156 − 2(15) −
450

15
 

                 = 96 

    

    So, the maximum area is 96 metres squared.  

 

 

 

 

 

 



 

Question 9, (5) (4) 

a) Substitute 3𝑥 + 7 into 𝑥2 + 𝑦2 − 4𝑥 − 6𝑦 − 7 = 0 to give 

     𝑥2 + (3𝑥 + 7 )2 − 4𝑥 − 6(3𝑥 + 7 ) − 7 = 0 

     𝑥2 + 9𝑥2 + 21𝑥 + 21𝑥 + 49 − 4𝑥 − 18𝑥 − 42 − 7 = 0 

     10𝑥2 + 20𝑥 = 0 

     𝑥2 + 2𝑥 = 0 

     𝑥(𝑥 + 2) = 0 

     𝑥 = 0, 𝑥 = −2 

 

     When 𝑥 = 0, 𝑦 = 3(0) + 7 = 7. So, 𝑄 = (0, 7). 

     When 𝑥 = −2, 𝑦 = 3(−2) + 7 = 7. So, 𝑃 = (−2, 1). 

 

b) The small circle has the same centre as the larger one i.e. (2, 3). 

 

      Midpoint of 𝑃𝑄 is (−1, 4). 

 

      Distance between (2, 3) and (−1, 4) is given by  

      𝑑 = √(4 − 3)2 + (−1 − 2)2 

      𝑑 = √12 + 3 

      𝑑 = √10 

      This is the radius of the smaller circle. 

   

      So, the equation is (𝑥 − 2)2 + (𝑦 − 3)2 = (√10)2 

                       (𝑥 − 2)2 + (𝑦 − 3)2 = 10 

 

 

Question 10, (1) (4) 

a) 𝑃 = 4.99087 (42.5 − 24.55)1.81 

          = 929 

 

b) 850 = 0.188807 (600 − 210)𝑘 

      (600 − 210)𝑘 =
850

0.188807
 



 

    (390)𝑘 =
850

0.188807
 

    ln(390)𝑘 = ln
850

0.188807
 

    𝑘 ln 390 = ln
850

0.188807
 

    𝑘 =
ln

850

0.188807

ln 390
 

    𝑘 = 1.41 


