
 

Higher Mathematics  
 
Vectors - Solutions 
 

Marks are indicated in brackets after each question number  

 

2013 Paper 1 Question 12, (2) 

𝑓 + 𝑔 = (
5
4
5

) 

|𝑓 + 𝑔| = √52 + 42 + 52 

               = √64 

               = 8 

 

2013 Paper 1 Question 14, (2) 

𝑎. (𝑎 + 𝑏) = 𝑎 . 𝑎 + 𝑎 . 𝑏 

                    = |𝑎||𝑎|𝑐𝑜𝑠𝜃 + 5    where 𝜃 is the angle between 𝑎 and itself  

                    = 3 ∙ 3 ∙ cos 0 + 5 

                    = 9 + 5 

                    = 14 

 

2013 Paper 1 Question 24, (4) (5) 

a) i) 𝐴𝑇⃗⃗⃗⃗  ⃗ = (
10
10
4
)     𝑇𝐵⃗⃗⃗⃗  ⃗ = (

15
15
6
) 

        𝐴𝑇⃗⃗⃗⃗  ⃗ = 2 (
5
5
2
)     𝑇𝐵⃗⃗⃗⃗  ⃗ = 3 (

5
5
2
) 

        
1

2
𝐴𝑇⃗⃗⃗⃗  ⃗ =

1

3
𝑇𝐵⃗⃗⃗⃗  ⃗ 

        3𝐴𝑇⃗⃗⃗⃗  ⃗ = 2𝑇𝐵⃗⃗⃗⃗  ⃗ 

     This shows that 𝐴𝑇⃗⃗⃗⃗  ⃗ & 𝑇𝐵⃗⃗⃗⃗  ⃗ are parallel but since T is a common point it follows that  

     𝐴, 𝑇 & 𝐵 are collinear.  

 

ii) The ratio is 2 : 3 

 

b) Since C lies on the x-axis it has a y co-ordinate of 0 and a z co-ordinate of 0. 



 

     Let 𝐶 = (𝑐, 0, 0) 

     Then 𝑇𝐶⃗⃗⃗⃗  ⃗ = 𝐶 − 𝑇 = (
𝑐−3
0
0

) 

     𝑇𝐵⃗⃗⃗⃗  ⃗ ∙ 𝑇𝐶⃗⃗⃗⃗  ⃗ = 0 since they are perpendicular  

     𝑇𝐵⃗⃗⃗⃗  ⃗ ∙ 𝑇𝐶⃗⃗⃗⃗  ⃗ = 15(𝑐 − 3) + (15 ∙ 0) + (6 ∙ 0) = 0 

                                                               15𝑐 − 45 = 0 

                                                                               𝑐 = 3 

 

2014 Paper 1 Question 6, (2)  

2𝑢 − 3𝑣 = 2(
−3
   1
   0

) − 3(
   1
−1
   2

) = (
−9
5
6

) 

 

2014 Paper 1 Question 14, (2) 

Since 𝑢 & 𝑣 are perpendicular 𝑢  ∙ 𝑣 = 0 

𝑢  ∙ 𝑣 = (1 ∙ −6) + 2𝑘 + 5𝑘 = 0 

                                      7𝑘 − 6 = 0 

                                                 𝑘 =
6

7
 

 

2014 Paper 1 Question 16, (2)  

𝑎  ∙ (𝑎 + 2𝑏) = 𝑎 ∙  𝑎 + 2𝑎  ∙ 𝑏 

                         = |𝑎||𝑎|𝑐𝑜𝑠𝜃 + 2 ∙
2

3
         𝜃 is the angle between 𝑎 and itself, zero in this case 

                         = 1 ∙ 1 ∙ 1 +
4

3
 

                         =
7

3
 

 

2014 Paper 1 Question 19, (2)  

Let C be the center of the hexagon. 

𝑆𝑊⃗⃗⃗⃗⃗⃗ = 𝑆𝑅⃗⃗⃗⃗  ⃗ + 𝑅𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝑊⃗⃗⃗⃗⃗⃗  ⃗ 

        = −𝑢 − 𝑣 − 𝑣 

        = −𝑢 − 2𝑣 

 

 



 

2014 Paper 2 Question 4, (2) (2) (5)  

a) 𝐶 = (11, 12, 6),𝐷 = (8, 8, 4) 

     

b) 𝐶𝐵⃗⃗⃗⃗  ⃗ = (
   0
−8
−4

)      𝐶𝐷⃗⃗⃗⃗  ⃗ = (
−3
−4
−2

) 

 

c) |𝐶𝐵⃗⃗⃗⃗  ⃗| = √02 + (−8)2 + (−4)2 = √80 

     |𝐶𝐷⃗⃗⃗⃗  ⃗| = √(−3)2 + (−4)2 + (−2)2 = √29 

      𝐶𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐶𝐷⃗⃗⃗⃗  ⃗ = (0 ∙ −3) + (−8 ∙ −4) + (−4 ∙ −2) = 40 

     

     𝐶𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐶𝐷⃗⃗⃗⃗  ⃗ = |𝐶𝐵⃗⃗⃗⃗  ⃗||𝐶𝐷⃗⃗⃗⃗  ⃗| cos(𝐵𝐶𝐷)° 

     40 = √80√29 cos(𝐵𝐶𝐷)° 

     
40

√80 √29
= cos(𝐵𝐶𝐷)° 

     𝐵𝐶𝐷 = 𝑐𝑜𝑠−1(
40

√80 √29
) 

     𝐵𝐶𝐷 = 33.85° 

 

2015 Paper 1 Question 1, (2)  

Since 𝑢 & 𝑣 are perpendicular 𝑢 ∙ 𝑣 = 0 

𝑢 ∙ 𝑣 = (8 ∙ (−3)) + (2 ∙ 𝑡) + ((−1) ∙ (−6)) = 0 

                                                        −24 + 2𝑡 + 6 = 0 

                                                                              2𝑡 = 18 

                                                                                𝑡 = 9 

 

2015 Paper 2 Question 6, (3) (1) (3)  

a) 𝑝 ∙ (𝑞 + 𝑟) = 𝑝 ∙ 𝑞 + 𝑝 ∙ 𝑟 

                           = (|𝑝| |𝑞| cos 60°) + (|𝑝| |𝑟| cos 90°) 

                           = (3 ∙ 3 ∙
1

2
) + 0 =

9

2
       

 

b) 𝐸𝐶⃗⃗⃗⃗  ⃗ = −𝑞 + 𝑝 + 𝑟 

 



 

c) 𝐴𝐸⃗⃗⃗⃗  ⃗ ∙ 𝐸𝐶⃗⃗⃗⃗  ⃗ = 𝑞 ∙ (−𝑞 + 𝑝 + 𝑟) 

                     = −𝑞 ∙  𝑞 + 𝑞 ∙ 𝑝 + 𝑞 ∙ 𝑟  

                     = − |𝑞| |𝑞| cos 0 +
9

2
+ |𝑞| |𝑟| cos 30°   (to get the 30° consider the diagram) 

                     = −9 +
9

2
+

3√3

2
|𝑟| 

 

     But since 𝐴𝐸⃗⃗⃗⃗  ⃗ ∙ 𝐸𝐶⃗⃗⃗⃗  ⃗ = 9√3 −
9

2
 we have  

     9√3 −
9

2
= −9 +

9

2
+

3√3

2
|𝑟| 

     Multiplying through by 2 gives  

     18√3 − 9 = −18 + 9 + 3√3|𝑟| 

     18√3 = 3√3|𝑟| 

     |𝑟| = 6 

 

2016 Paper 1 Question 7, (2) (2)  

a) 𝐹𝐻⃗⃗ ⃗⃗  ⃗ = 𝐹𝐺⃗⃗⃗⃗  ⃗ + 𝐺𝐻⃗⃗⃗⃗⃗⃗ = 𝑖 + 3𝑗 − 4𝑘 

b) 𝐹𝐸⃗⃗⃗⃗  ⃗ + 𝐹𝐻⃗⃗ ⃗⃗  ⃗ + 𝐻𝐸⃗⃗⃗⃗⃗⃗ = 𝐹𝐻⃗⃗ ⃗⃗  ⃗ − 𝐸𝐻⃗⃗⃗⃗⃗⃗ = −𝑖 − 5𝑘 

 

2016 Paper 1 Question 11, (2) (3)  

a) 𝐴𝐶⃗⃗⃗⃗  ⃗ = (
   3
−6
   6

) 

     Since the ratio is 1: 2 there are 3 ‘parts’ to the division  

     
1

3
𝐴𝐶⃗⃗⃗⃗  ⃗ =

1

3
(
   3
−6
   6

) = (
   1
−2
   2

) 

     So, 𝐵 = (1 + 1, 3 − 2,−2 + 2) = (2, 1, 0) 

 

b) 𝑘𝐴𝐶⃗⃗⃗⃗  ⃗ = (
   3𝑘
−6𝑘
   6𝑘

) 

     |𝑘𝐴𝐶⃗⃗⃗⃗  ⃗| = √(3𝑘)2 + (−6𝑘)2 + (6𝑘)2 

                 = √9𝑘2 + 36𝑘2 + 36𝑘2 

                 = √81𝑘2 

                 = 9𝑘 

     Since |𝑘𝐴𝐶⃗⃗⃗⃗  ⃗| = 1 we have  



 

           9𝑘 = 1 

             𝑘 = 1 

 

2016 Paper 2 Question 5, (2) (4)  

a) 𝐴𝐵⃗⃗⃗⃗  ⃗ = (
−8
−16
−2

)     𝐴𝐶⃗⃗⃗⃗  ⃗ = (
−2
−8
−16

) 

  

b) 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = (−8 ∙ −2) + (−16 ∙ −8) + (−2 ∙ −16) 

                      = 112 

 

     |𝐴𝐵⃗⃗⃗⃗  ⃗| = √(−8)2 + (−16)2 + (−2)2 = 18 

     |𝐴𝐶⃗⃗⃗⃗  ⃗| = √(−2)2 + (−8)2 + (−16)2 = 18 

 

     Let 𝜃 be the angle 𝐵𝐴𝐶 

     𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = |𝐴𝐵⃗⃗⃗⃗  ⃗||𝐴𝐶⃗⃗⃗⃗  ⃗| cos 𝜃 

     112 = 18 ∙ 18 cos 𝜃 

     112 = 324 cos 𝜃 

     
112

324
= cos 𝜃 

     𝜃 = 𝑐𝑜𝑠 −1 (
112

324
) = 69.8 ° 

 

2017 Paper 1 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
 

 

2017 Paper 2 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° 

 

2018 Paper 1 Question 9, (1) (2) 

a) 𝐵𝐶⃗⃗⃗⃗  ⃗ = −𝑡 + 𝑢 = 𝑢 − 𝑡 

 

b) 𝑀𝐷⃗⃗ ⃗⃗ ⃗⃗ = 𝑀𝐶⃗⃗⃗⃗⃗⃗ + 𝐶𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐷⃗⃗ ⃗⃗  ⃗  

              =
1

2
𝐵𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐷⃗⃗ ⃗⃗  ⃗ 

              =
1

2
(𝑢 − 𝑡) − 𝑢 + 𝑣 

              =
1

2
𝑢 −

1

2
𝑣 − 𝑢 + 𝑣 

              = 𝑣 −
1

2
𝑢 −

1

2
𝑡 

 

 

 



 

2018 Paper 1 Question 12, (1) (3)  

a) 𝑎 = (
   4
−2
   2

)  𝑏 = (
−2
   1
   𝑝

) 

     2𝑎 + 𝑏 = 2 (
   4
−2
   2

) + (
−2
   1
   𝑝

) 

                   = (   8
−4
   4

) + (
−2
   1
   𝑝

) 

                   = (
   6
−3

   4+𝑝
) 

 

b) |2𝑎 + 𝑏| = √62 + (−3)2 + (4 + 𝑝)2 = 7 

                              36 + 9 + 16 + 8𝑝 + 𝑝2 = 49 

                                                𝑝2 + 8𝑝 + 12 = 0 

                                             (𝑝 + 6)(𝑝 + 2) = 0 

                                                    𝑝 = −6, 𝑝 = −2 

 

2018 Paper 2 Question 2, (1) (4) 

a) 𝑢  ∙  𝑣 = 7 + 32 − 15 = 24 

 

b) |𝑢| = √1 + 16 + 9 = √26 

      |𝑣| = √49 + 64 + 25 = √138 

 

     cos 𝜃 =
24

√26 √138
 

     𝜃 = 𝑐𝑜𝑠−1(
24

√26 √138
) 

         = 66.38° 

 

2019 Paper 1 Question 5, (3) (1)  

a) 𝐴𝐵⃗⃗⃗⃗  ⃗ = (
   3
−6
   3

) = 3(
   1
−2
   1

) 

 

     𝐵𝐶⃗⃗⃗⃗  ⃗ = (
   4
−8
   4

) = 4(
   1
−2
   1

) 

 



 

 

    4𝐴𝐵⃗⃗⃗⃗  ⃗ = 3𝐵𝐶⃗⃗⃗⃗  ⃗ so 𝐴𝐵⃗⃗⃗⃗  ⃗ and 𝐵𝐶⃗⃗⃗⃗  ⃗ are parallel but since B is a common point, A, B, & C are   

    collinear.  

 

b) 3 : 4 

 

2019 Paper 1 Question 9, (1) (3) (2)  

a) i) 𝑢 ∙ 𝑣 = 𝑝(2𝑝 + 16) + (−2 ∙  −3) + (4 ∙ 6) 

                   = 2𝑝2 + 16𝑝 + 30 

 

ii) For perpendicular vectors 𝑢 ∙ 𝑣 = 0, giving  

      2𝑝2 + 16𝑝 + 30 = 0 

           𝑝2 + 8𝑝 + 15 = 0 

        (𝑝 + 5)(𝑝 + 3) = 0 

         𝑝 = −5, 𝑝 = 3 

 

b) If 𝑢 and 𝑣 are parallel, there exists a number 𝑘 such that 𝑢 = 𝑘𝑣 i.e. one vector is a  

     multiple of the other. 

     Comparing the 𝑦 component of 𝑢 and 𝑣 we have −2 = 𝑘(−3), giving 𝑘 =
2

3
 

     So, 𝑝 =
2

3
(2𝑝 + 16) 

         3𝑝 = 4𝑝 + 32 

           𝑝 = −32 

 

2019 Paper 2 Question 3, (1) (2) 

a) 𝐵𝐸⃗⃗⃗⃗  ⃗ = −𝑝 + 𝑟 

 

b) 𝐸𝐹⃗⃗⃗⃗  ⃗ = 𝐸𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐹⃗⃗⃗⃗  ⃗ 

             = −𝑟 + 𝑝 +
3

4
𝑞 

 

 

 



 

2019 Paper 2 Question 14, (4)  

Let 𝜃 be the angle between 𝑢 & 𝑣  

𝑢 ∙ (𝑢 + 𝑣) = 𝑢 ∙ 𝑢 + 𝑢 ∙ 𝑣 

         = |𝑢||𝑢| cos 0 + |𝑣||𝑣| cos 𝜃 

         = (4 𝑥 4 𝑥 1) + (4 𝑥 5 𝑥 cos 𝜃) 

         = 16 + 20 cos 𝜃 

 

Since 𝑢 ∙ (𝑢 + 𝑣) = 21 we have  

16 + 20 cos 𝜃 = 21 

          20 cos 𝜃 = 5 

   cos 𝜃 =
5

20
 

                      𝜃 = 𝑐𝑜𝑠−1(
5

20
) 

         𝜃 = 75.5° 

 

2024 Paper 1 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) 

 

2024 Paper 2 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° 

 

2025 Paper 1 Question 10, (5) 

|𝒖| = √12 + 12 + 0 = √2 and |𝒗| = √12 + 32 + 𝑘2 = √10 + 𝑘2 

𝒖 ∙ 𝒗 = (1 × 1) + (1 × 3) + (0 × 𝑘) = 4 

 

𝒖 ∙ 𝒗 = |𝒖| |𝒗| cos 𝜃  

4 = √2 √10 + 𝑘2 cos 45° 

4 = √2 √10 + 𝑘2 (
1

√2
) 

4 = √10 + 𝑘2  

16 = 10 + 𝑘2  

𝑘2 = 6 

𝑘 = √6 

 

2025 Paper 2 Question 5, (3) (1) 

a) 𝐴𝐵⃗⃗⃗⃗  ⃗ = (
9

−3
6
) = 3 (

3
−1
2
) 𝐵𝐶⃗⃗⃗⃗  ⃗ = (

6
−2
4
) = 2 (

3
−1
2
) 

     2𝐴𝐵⃗⃗⃗⃗  ⃗ = 3𝐵𝐶⃗⃗⃗⃗  ⃗ showing that 𝐴𝐵⃗⃗⃗⃗  ⃗ and 𝐵𝐶⃗⃗⃗⃗  ⃗ are parallel but since B is a common point  

     A, B and C are collinear.  

 

b) 3: 2 

 

2025 Paper 2 Question 8, (2) 

𝐵𝐸⃗⃗⃗⃗  ⃗ = 𝐵𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐷𝐸⃗⃗ ⃗⃗  ⃗ 

       = −𝐷𝐶⃗⃗⃗⃗  ⃗ + 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐷𝐸⃗⃗ ⃗⃗  ⃗  

       = −(2𝒊 − 4𝒋 + 2𝒌) + (6𝒊 + 4𝒋 + 2𝒌) + (−4𝒊 − 3𝒋 + 4𝒌) 

       = 5𝒋 + 4𝒌 


