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Solutions to Exercise 8A 

Solutions for Enrichment questions are in preparation. 

1a  Magnitude of  𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ = 100 km –  40 km = 60 km  

𝐵𝐶⃗⃗⃗⃗  ⃗ is towards west direction which means the magnitude to be considered 

negative as per the quadrant rule.  

Direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 90° towards east direction as west to east is 90° in the 
quadrants.  

        

1b Magnitude of  𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗  

In this case, using Pythagoras theorem of triangles,  

 𝐴𝐶2 = 𝐴𝐵2 + 𝐵𝐶2 

          =  62 + 42  

          = 36 + 16  

           = 52  

𝐴𝐶 =  √52 = 7.21 ≑ 7 

 Direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 

tan 𝜃 =
𝐴𝐵

𝐵𝐶
=

4

6
 

      𝜃 = tan−1 4

6
= 33.69 ≑ 34 

The tangent is in fourth quadrant where it is negative,  

therefore, bearing from 𝐴 to 𝐶 is 180° − 34° = 146° 

Direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 146°. 
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1c   N x 

 C 

 45° 

 x 15 km   x 

 W 45°     E  

 A 25 km B x D 

 S 

 

According to Pythagoras’ Theorem 

𝐵𝐶2 = 𝐵𝐷2 + 𝐷𝐶2  

152 = 𝑥2 + 𝑥2  

2𝑥2 = 152  

𝑥 = 15
√2

2
= 10.606 ≑ 10.6  

Magnitude of  𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐶𝐷⃗⃗⃗⃗  ⃗  

In this case, using Pythagoras’ Theorem,  

       𝐴𝐶2 = 𝐴𝐷2 + 𝐶𝐷2 

                =  (25 + 10.6)2 + 10.62 

                = 1267.36 + 112.36  

               = 1379.72  

      𝐴𝐶 =  √1379.72 = 37.14 ≑ 37 

Direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 

tan 𝜃 =
𝐴𝐷

𝐷𝐶
=

35.6

10.6
 

𝜃 = tan−1
35.6

10.6
= 73.42 ≑ 73 

The tangent is in first quadrant where it is positive.  

Direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 73°. 
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  19 km 

2a                                      Q R 

                                     28 km              12 km 

 O S 

 P 

 

2b    According to the picture, 𝑄𝑅 is parallel to 𝑂𝑆 which means  

  𝑄𝑅 = 𝑂𝑆 = 19 km 

  Similarly, 𝑂𝑄 is parallel to 𝑅𝑆, therefore 

   𝑂𝑄 = 𝑅𝑆 = 12 km 

   Hence, 𝑂𝑃 = 𝑃𝑄 − 𝑂𝑄 = 28 − 12 = 16 km 

   Using Pythagoras theorem 

   𝑃𝑆2 = 𝑂𝑃2 + 𝑂𝑆2 

            = 162 + 192  

            = 256 + 361  

            = 617  

    𝑃𝑆 = √617 = 24.8 

    Magnitude of 𝑃𝑆⃗⃗ ⃗⃗  = 24.8 km 

         

Direction of 𝑃𝑆⃗⃗ ⃗⃗   is 

              tan 𝜃 =
𝑂𝑆

𝑂𝑃
=

19

16
 

              𝜃 = tan−1 19

16
= 49.90 ≑ 50 ° 

             The tangent is in first quadrant where it is positive,  

             Direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 50° 
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3  The opposite sides 𝑊𝑋 and 𝑍𝑌 are parallel and equal hence 𝑊𝑋𝑌𝑍 is a 

parallelogram. 

 

4 The opposite sides 𝐵𝐴 and 𝐶𝐷 are parallel and equal, and ∠𝐵𝐴𝐷 = 90°. Hence, 

𝐴𝐵𝐶𝐷 is a parallelogram with an angle being 90°, therefore, it is a rectangle. 

 

5a   All the sides of the quadrilateral are equal therefore it is a rhombus.  

 

5b The opposite sides of a rhombus are parallel, so 𝑃𝑄⃗⃗ ⃗⃗  ⃗ and 𝑅𝑆⃗⃗⃗⃗  ⃗ have opposite 

directions.  

 

 

6  𝑢 S 

 B 𝑢 + 𝑣           𝑣 

         𝑣 O  𝑢 A  

 

As per the above diagram, 𝑂𝐵𝑆𝐴 is a parallelogram where 𝑂𝐵 ∥ 𝐴𝑆 and 𝐵𝑆 ∥ 𝑂𝐴 

Hence, 𝑂𝐵 = 𝐴𝑆 = 𝑢  and 𝐵𝑆 = 𝑂𝐴 = 𝑣 

       𝑢 + 𝑣 = 𝑂𝐴⃗⃗⃗⃗  ⃗ + 𝑂𝐵⃗⃗ ⃗⃗  ⃗ =  𝑂𝐴⃗⃗ ⃗⃗  ⃗ + 𝐴𝑆⃗⃗⃗⃗  ⃗ = 𝑂𝑆⃗⃗⃗⃗  ⃗ 

      And 𝑣 + 𝑢 = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ + 𝑂𝐴⃗⃗⃗⃗  ⃗=𝑂𝐵⃗⃗ ⃗⃗  ⃗ + 𝐵𝑆⃗⃗⃗⃗  ⃗ = 𝑂𝑆⃗⃗⃗⃗  ⃗ 

      So, 𝑢 + 𝑣 = 𝑣 + 𝑢 as required 

 

7   𝑈𝑉⃗⃗ ⃗⃗  ⃗ + 𝑉𝑊⃗⃗⃗⃗⃗⃗  ⃗ + 𝑊𝑈⃗⃗⃗⃗ ⃗⃗  ⃗ 

= 𝑈𝑊⃗⃗⃗⃗⃗⃗  ⃗ + 𝑊𝑈⃗⃗⃗⃗ ⃗⃗  ⃗  

= 𝑈𝑈⃗⃗⃗⃗⃗⃗   

= 0  

      It gives a zero vector.  
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8  

  

 

9a  𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗  

 

9b  𝐵𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐴⃗⃗⃗⃗  ⃗ = 𝐵𝐴⃗⃗⃗⃗  ⃗   

 

9c 𝐴𝐷⃗⃗ ⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐵𝐴⃗⃗⃗⃗  ⃗ = 𝐵𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐷⃗⃗ ⃗⃗  ⃗ =  𝐵𝐷⃗⃗⃗⃗⃗⃗    

 

9d  𝐴𝐶⃗⃗⃗⃗  ⃗ − 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝐵⃗⃗⃗⃗  ⃗  

 

10 

         

  

11a  𝑓 

 

11b  𝑑 

 

11c  ℎ  
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11d  𝑏  

 

11e  𝑐  

 

11f  𝑎   

 

11g 𝑒   

 

11h  𝑔  

 

12a  𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐵⃗⃗⃗⃗  ⃗ 

                   =  𝐴𝐶⃗⃗⃗⃗  ⃗ − 𝐵𝐶⃗⃗⃗⃗  ⃗  

                     = 𝑢 − 𝑣  

         

12b  𝐴𝑀⃗⃗⃗⃗ ⃗⃗  = 𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝑀⃗⃗⃗⃗ ⃗⃗  

                      =  𝐴𝐶⃗⃗⃗⃗  ⃗ − 𝑀𝐶⃗⃗⃗⃗ ⃗⃗   

                      = 𝐴𝐶⃗⃗⃗⃗  ⃗ −
1

2
𝐵𝐶⃗⃗⃗⃗  ⃗  

                      = 𝑢 −
1

2
𝑣  

 

13a  𝐴𝑀⃗⃗⃗⃗ ⃗⃗   and 𝑀𝐵⃗⃗ ⃗⃗ ⃗⃗   have the same length and direction. Similarly, 𝑃𝑁⃗⃗⃗⃗⃗⃗  and 𝑁𝑄⃗⃗⃗⃗⃗⃗  have the 

same length and direction.  

 

13b 𝐴𝑁⃗⃗⃗⃗⃗⃗ = 𝐴𝑃⃗⃗⃗⃗  ⃗ + 𝑃𝑁⃗⃗⃗⃗⃗⃗ =  𝑎 + 𝑣 

           and 𝐴𝑁⃗⃗⃗⃗⃗⃗ = 𝐴𝑀⃗⃗⃗⃗ ⃗⃗ + 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ =  𝑢 + 𝑝 

          Hence, 𝑎 + 𝑣 = 𝑢 + 𝑝 

                                   𝑎 = 𝑝 + 𝑢 − 𝑣 
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           Similarly, 𝑀𝑄⃗⃗ ⃗⃗ ⃗⃗  = 𝑀𝐵⃗⃗ ⃗⃗ ⃗⃗  + 𝐵𝑄⃗⃗ ⃗⃗  ⃗ =  𝑢 + 𝑏 

           and 𝑀𝑄⃗⃗ ⃗⃗ ⃗⃗  = 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ + 𝑁𝑄⃗⃗⃗⃗⃗⃗ =  𝑝 + 𝑣 

          Hence, 𝑢 + 𝑏 = 𝑝 + 𝑣 

                       𝑏 = 𝑝 + 𝑣 − 𝑢 

 

13c  LHS = 𝑎 + 𝑏 

                       = (𝑝 + 𝑢 − 𝑣) + (𝑝 + 𝑣 − 𝑢)  

                      = 2𝑝 = RHS 

 

 A 

14a   𝑝          𝑞 

 B                     C 

 P 

               𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ 

                       =  −𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗  

                      =  𝐴𝐶⃗⃗⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗  

                      = 𝑞 − 𝑝  

           Given,  𝐵𝑃: 𝑃𝐶 = 1: 2  

              Hence, 𝐵𝑃⃗⃗⃗⃗  ⃗ =
1

3
𝐵𝐶⃗⃗⃗⃗  ⃗ =  

1

3
(𝑞 − 𝑝 ) 

 

14b  𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝑃⃗⃗⃗⃗  ⃗ 

                     = 𝐴𝐶⃗⃗⃗⃗  ⃗ − 𝑃𝐶⃗⃗⃗⃗  ⃗  

                    = 𝑞 −
2

3
(𝑞 − 𝑝)  

                   = 𝑞 −
2

3
𝑞 +

2

3
𝑝  

                  =  
1

3
𝑞 +

2

3
𝑝  

        Hence, proved. 
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15a   𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐷𝐶⃗⃗⃗⃗  ⃗ 

                      = 𝐴𝐷⃗⃗ ⃗⃗  ⃗ − 𝐶𝐷⃗⃗⃗⃗  ⃗  

                      = 𝑤 − 𝑢  

          𝐵𝐶⃗⃗⃗⃗  ⃗ =  𝐵𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑣 + 𝑤 − 𝑢 

          

        As 𝑀 is the mid-point of 𝐵𝐶⃗⃗⃗⃗  ⃗   

          So, 𝐵𝑀⃗⃗ ⃗⃗ ⃗⃗  =  
1

2
𝐵𝐶⃗⃗⃗⃗  ⃗ =

1

2
(𝑣 + 𝑤 − 𝑢) 

       𝑀𝐵⃗⃗ ⃗⃗ ⃗⃗   is in opposite direction of 𝐵𝑀⃗⃗ ⃗⃗ ⃗⃗   

          Hence, 𝑀𝐵⃗⃗ ⃗⃗ ⃗⃗  = −
1

2
(𝑣 + 𝑤 − 𝑢) =

1

2
(𝑢 − 𝑣 − 𝑤) 

 

15b  𝑀𝐴⃗⃗⃗⃗ ⃗⃗  = 𝑀𝐵⃗⃗ ⃗⃗ ⃗⃗  + 𝐵𝐴⃗⃗⃗⃗  ⃗ 

                      =  
1

2
(𝑢 − 𝑣 − 𝑤) + 𝑣  

                      =
1

2
(𝑢 + 𝑣 − 𝑤)  

 

16a  𝑊𝑋⃗⃗⃗⃗⃗⃗  ⃗ = 𝑊𝑅⃗⃗⃗⃗⃗⃗  ⃗ + 𝑅𝑋⃗⃗⃗⃗  ⃗ 

                      = 𝑅𝑋⃗⃗⃗⃗  ⃗ − 𝑅𝑊⃗⃗⃗⃗⃗⃗  ⃗  

                      = 𝑥 − 𝑤  

             𝑊𝑃⃗⃗⃗⃗⃗⃗  ⃗ =
1

2
𝑊𝑋⃗⃗⃗⃗⃗⃗  ⃗ =

1

2
(𝑥 − 𝑤) 

 

16b  𝑅𝑃⃗⃗⃗⃗  ⃗ = 𝑅𝑋⃗⃗⃗⃗  ⃗ + 𝑋𝑃⃗⃗⃗⃗  ⃗ 

                     = 𝑅𝑋⃗⃗⃗⃗  ⃗ − 𝑃𝑋⃗⃗⃗⃗  ⃗  

                    = 𝑥 −
1

2
(𝑥 − 𝑤)  

                    = 𝑥 −
1

2
𝑥 +

1

2
𝑤  

                    =
1

2
𝑥 +

1

2
𝑤  
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                    =
1

2
(𝑥 + 𝑤)  

 

16c  𝑌𝑍⃗⃗⃗⃗  ⃗ = 𝑌𝑅⃗⃗⃗⃗  ⃗ + 𝑅𝑍⃗⃗⃗⃗  ⃗ 

                     =  𝑅𝑍⃗⃗⃗⃗  ⃗ − 𝑅𝑌⃗⃗⃗⃗  ⃗  

                     = 𝑧 − 𝑦  

 

         𝑅𝑄⃗⃗ ⃗⃗  ⃗ =  𝑅𝑍⃗⃗⃗⃗  ⃗ + 𝑍𝑄⃗⃗⃗⃗  ⃗ 

                      = 𝑅𝑍⃗⃗⃗⃗  ⃗ − 𝑄𝑍⃗⃗⃗⃗  ⃗  

                      = 𝑅𝑍⃗⃗⃗⃗  ⃗ −
1

2
𝑌𝑍⃗⃗⃗⃗  ⃗  

         = 𝑧 −
1

2
(𝑧 − 𝑦)  

         = 𝑧 −
1

2
𝑧 +

1

2
𝑦  

         =  
1

2
𝑧 +

1

2
𝑦  

         =
1

2
(𝑦 + 𝑧)   

 

16d  𝑤 + 𝑥 + 𝑦 + 𝑧 

      = 𝑅𝑊⃗⃗⃗⃗⃗⃗  ⃗ + 𝑅𝑋⃗⃗⃗⃗  ⃗ + 𝑅𝑌⃗⃗⃗⃗  ⃗ + 𝑅𝑍⃗⃗⃗⃗  ⃗  

      =  𝑅𝑅⃗⃗⃗⃗  ⃗ + 𝑅𝑅⃗⃗⃗⃗  ⃗  

      = 𝑅𝑅⃗⃗⃗⃗  ⃗  

      = 0  

           

17a i  

            

The magnitude of 𝐴𝑃⃗⃗⃗⃗  ⃗ is more than 𝐴𝐵⃗⃗⃗⃗  ⃗ as given 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ and 𝑘 > 1. 
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17a ii 

          

The magnitude of 𝐴𝑃⃗⃗⃗⃗  ⃗ is less than 𝐴𝐵⃗⃗⃗⃗  ⃗ but more than zero vector as given 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ 

and 0 < 𝑘 < 1. 

 

17a iii 

        

The magnitude of 𝐴𝑃⃗⃗⃗⃗  ⃗ is less than 𝐴𝐵⃗⃗⃗⃗  ⃗ as given 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ and 𝑘 < 0. 

 

17b i  𝐴𝑃⃗⃗⃗⃗  ⃗ =
3

2
𝑃𝐵⃗⃗⃗⃗  ⃗ 

           𝑃𝐵⃗⃗⃗⃗  ⃗ =
2

3
𝐴𝑃⃗⃗⃗⃗  ⃗ 

             And, 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝑃⃗⃗⃗⃗  ⃗ + 𝑃𝐵⃗⃗⃗⃗  ⃗ 

                             = 𝐴𝑃⃗⃗⃗⃗  ⃗ +
2

3
𝐴𝑃⃗⃗⃗⃗  ⃗  

                             =
5

3
𝐴𝑃⃗⃗⃗⃗  ⃗  

                     𝐴𝑃⃗⃗⃗⃗  ⃗ =
3

5
𝐴𝐵⃗⃗⃗⃗  ⃗  

            Given, 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ 

            Hence, 𝑘 =
3

5
 

                        



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  11 
 

17b ii  𝐴𝑃⃗⃗⃗⃗  ⃗ = −
3

2
𝑃𝐵⃗⃗⃗⃗  ⃗ 

            𝑃𝐵⃗⃗⃗⃗  ⃗ = −
2

3
𝐴𝑃⃗⃗⃗⃗  ⃗ 

             And, 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝑃⃗⃗⃗⃗  ⃗ + 𝑃𝐵⃗⃗⃗⃗  ⃗ 

                             = 𝐴𝑃⃗⃗⃗⃗  ⃗ + (−
2

3
𝐴𝑃⃗⃗⃗⃗  ⃗)  

                             = 𝐴𝑃⃗⃗⃗⃗  ⃗ −
2

3
𝐴𝑃⃗⃗⃗⃗  ⃗  

                             =
1

3
𝐴𝑃⃗⃗⃗⃗  ⃗  

                     𝐴𝑃⃗⃗⃗⃗  ⃗ = 3𝐴𝐵⃗⃗⃗⃗  ⃗  

            Given, 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ 

            Hence, 𝑘 = 3 

  

17b iii  𝐴𝑃⃗⃗⃗⃗  ⃗ = −
2

3
𝑃𝐵⃗⃗⃗⃗  ⃗ 

            𝑃𝐵⃗⃗⃗⃗  ⃗ = −
3

2
𝐴𝑃⃗⃗⃗⃗  ⃗ 

             And, 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝑃⃗⃗⃗⃗  ⃗ + 𝑃𝐵⃗⃗⃗⃗  ⃗ 

                            = 𝐴𝑃⃗⃗⃗⃗  ⃗ + (−
3

2
𝐴𝑃⃗⃗⃗⃗  ⃗)  

                            = 𝐴𝑃⃗⃗⃗⃗  ⃗ −
3

2
𝐴𝑃⃗⃗⃗⃗  ⃗  

                            = −
1

2
𝐴𝑃⃗⃗⃗⃗  ⃗  

                     𝐴𝑃⃗⃗⃗⃗  ⃗ = −2𝐴𝐵⃗⃗⃗⃗  ⃗  

            Given, 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ 

            Hence, 𝑘 = −2 

 

17c  𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐴𝑂⃗⃗⃗⃗  ⃗ + 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑏 − 𝑎  

       And, 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝐴𝑂⃗⃗⃗⃗  ⃗ + 𝑂𝑃⃗⃗⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑝 − 𝑎  

      Given, 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑘𝐴𝐵⃗⃗⃗⃗  ⃗ 

                 𝑝 − 𝑎 = 𝑘(𝑏 − 𝑎) 

           𝑝 − 𝑎 = 𝑘𝑏 − 𝑘𝑎 
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            𝑝 =  𝑎 − 𝑘𝑎 + 𝑘𝑏 = (1 − 𝑘)𝑎 + 𝑘𝑏 

 

18  The triangles are similar by the SAS similarity test — the angles between 𝑎 and 𝑏, 

and between λ𝑎 and λ𝑏 are equal, and the matching sides are in ratio1:λ. It now 

follows that the head of the vector λ𝑏 is the head of the vector λ(𝑎 + 𝑏). 

  

19a  Two zero vectors each have zero length and no direction, and so are equal. 

  

19b  Rome for administration (in the distant past), Greenwich UK for longitude, 

Jerusalem and Mecca for religious ceremonies, the North and South Poles for 

maps. The obelisk in Macquarie Place, Sydney, remains the origin for road 

distances in NSW. It is inscribed on the front, 

‘This Obelisk was erected in Macquarie Place A.D. 1818, to Record that all the 

public roads leading to the interior of the colony are measured from it. L. 
Macquarie Esq Governor’. 

  

Solutions for Enrichment questions 20 and 21 are in preparation. 
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Solutions to Exercise 8B 

Solutions for Enrichment questions are in preparation. 

1a 𝑎 = 8𝑖 + 6𝑗 

 𝑥 = 8 and 𝑦 = 6 

 Hence, |𝑎| = √𝑥2 + 𝑦2 

         = √82 + 62  

         = √64 + 36 

         = √100 = 10 

 

1b 2𝑎 = 2 × (8𝑖 + 6𝑗) = 16𝑖 + 12𝑗  

 

1c 2𝑎 = 16𝑖 + 12𝑗 

 𝑥 = 16 and 𝑦 = 12 

 Hence, |2𝑎| = √𝑥2 + 𝑦2 

         = √162 + 122  

         = √256 + 144 

         = √400 = 20  

 

1d −5𝑎 = −5 × (8𝑖 + 6𝑗) = −40𝑖 − 30𝑗 

 

1e −5𝑎 = −40𝑖 − 30𝑗 

 𝑥 = −40 and 𝑦 = −30 

 Hence, |−5𝑎| = √𝑥2 + 𝑦2 

         = √(−40)2 + (−30)2  

         = √1600 + 900 

         = √2500 = 50 
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2a 𝑎 = 2𝑖 + 3𝑗  and 𝑏 = 𝑖 − 4𝑗 

 𝑎 + 𝑏 = (2𝑖 + 3𝑗) + (𝑖 − 4𝑗)   

             = (2 + 1)𝑖 + (3 − 4)𝑗 

             = 3𝑖 − 𝑗 

 

2b 𝑎 + 𝑏 = 3𝑖 − 𝑗 

 𝑥 = 3 and 𝑦 = −1 

 Hence, |𝑎 + 𝑏| = √𝑥2 + 𝑦2 

         = √32 + (−1)2  

         = √9 + 1 

         = √10  

  

2c 𝑎 = 2𝑖 + 3𝑗  and 𝑏 = 𝑖 − 4𝑗 

 𝑎 − 𝑏 = (2𝑖 + 3𝑗) − (𝑖 − 4𝑗)   

             = (2 − 1)𝑖 + (3 − (−4))𝑗 

             = (2 − 1)𝑖 + (3 + 4)𝑗 

             = 𝑖 + 7𝑗 

 

2d 𝑎 − 𝑏 = 𝑖 + 7𝑗 

 𝑥 = 1 and 𝑦 = 7 

 Hence, |𝑎 − 𝑏| = √𝑥2 + 𝑦2 

         = √12 + 72  

         = √1 + 49 

         = √50 

                     = 5√2 
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2e 𝑎 = 2𝑖 + 3𝑗  and 𝑏 = 𝑖 − 4𝑗 

 −3𝑎 = −6𝑖 − 9𝑗 

 −2𝑏 = −2𝑖 + 8𝑗 

 −3𝑎 − 2𝑏 = (−6𝑖 − 9𝑗) − (−2𝑖 + 8𝑗)   

             = (−6 + (−2))𝑖 + (−9 + 8)𝑗 

             = (−6 − 2)𝑖 + (−9 + 8)𝑗 

             = −8𝑖 − 𝑗 

 

2f −3𝑎 − 2𝑏 = −8𝑖 − 𝑗 

 𝑥 = −8 and 𝑦 = −1 

 Hence, |−3𝑎 − 2𝑏| = √𝑥2 + 𝑦2 

         = √(−8)2 + (−1)2  

         = √64 + 1 

         = √65 

 

3a 𝑎 = [
−17
     3

] 𝑏 = [
5

−11
]    𝑐 = [

−7
−13

] 

 𝑎 + 𝑏 − 𝑐 = [
−17 + 5 − (−7)

     3 + (−11) − (−13)
]  

                    = [
−17 + 5 + 7
   3 − 11 + 13

]   

       = [
−5
   5  

] 

 

3b 𝑎 + 𝑏 − 𝑐 = [
−5
   5  

]  

 𝑥 = −5 and 𝑦 = 5 

 |𝑎 + 𝑏 − 𝑐| = √𝑥2 + 𝑦2 

         = √(−5)2 + 52  
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         = √25 + 25 

         = √50 

= 5√2  

 

3c 𝑎 = [
−17
     3

] 𝑏 = [
5

−11
]    𝑐 = [

−7
−13

] 

 −3𝑎 = [
51

−9   
] 

 −5𝑏 = [
−25
   55  

] 

    2𝑐 = [
−14

  −26  
] 

 

 −3𝑎 − 5𝑏 + 2𝑐 = [
51 − 25 − 14
−9 + 55 − 26

]  

                    = [ 
12
20

 ]   

   

3d −3𝑎 − 5𝑏 + 2𝑐 = [
12

   20  
]  

 𝑥 = 12 and 𝑦 = 20 

  |−3𝑎 − 5𝑏 + 2𝑐| = √𝑥2 + 𝑦2 

                       = √122 + 202  

                       = √144 + 400 

                       = √544 

             = 4√34  

 

4a 𝑢 = 2𝑖 + 𝑗  and 𝑣 = −𝑖 + 2𝑗  

 𝑢 = [
2

  1  
] 𝑣 = [

−1
2

]     

 𝑢 + 𝑣 = [
  2 + (−1)

1 + 2
]  

             = [
  2 − 1
   1 + 2 

]   
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  = [
1

   3  
] 

 

4b 𝑎 = [
3

  2  
] 𝑏 = [

4
1
]     

 𝑎 = 3𝑖 + 2𝑗  and 𝑏 = 4𝑖 + 𝑗  

 𝑎 − 𝑏 = (3𝑖 + 2𝑗) − (4𝑖 + 𝑗)   

             = (3 − 4)𝑖 + (2 − 1)𝑗 

             = −𝑖 + 𝑗 

         

5a 𝑢 = 𝑖 + 2𝑗    

 𝑥 = 1 and 𝑦 = 2 

 Hence, |𝑢| = √𝑥2 + 𝑦2 

         = √12 + 22  

         = √1 + 4 

         = √5 

 𝑢̂ =
𝑢

|𝑢|
=

   𝑖+2𝑗   

√5
=

1

√5
𝑖 +

2

√5
𝑗 

 

5b 𝑣 = −4𝑖 + 3𝑗    

 𝑥 = −4 and 𝑦 = 3 

 Hence, |𝑣| = √𝑥2 + 𝑦2 

         = √(−4)2 + 32  

         = √16 + 9 

         = √25 

                     = 5 

 𝑣 =
𝑣

|𝑣|
=

  −4𝑖+3𝑗   

5
= −

4

5
𝑖 +

3

5
𝑗 
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5c 𝑤 = 𝑢 + 𝑣 

 𝑢 + 𝑣 = (𝑖 + 2𝑗) + (−4𝑖 + 3𝑗 )   

             = (1 + (−4))𝑖 + (2 + 3)𝑗 

             = (1 − 4)𝑖 + (2 + 3)𝑗 

             = −3𝑖 − 5𝑗 

 𝑤 = −3𝑖 + 5𝑗    

 𝑥 = −3 and 𝑦 = 5 

 Hence, |𝑤| = √𝑥2 + 𝑦2 

         = √(−3)2 + 52  

         = √9 + 25 

         = √34 

 𝑤̂ =
𝑤

|𝑤|
=

  −3𝑖+5𝑗    

√34
= −

3

√34
𝑖 +

5

√34
𝑗 

 

6a 𝑎 = [
5

 −12  
]  

 2𝑎 = [
10

−24   
]  

 |2𝑎| = √𝑥2 + 𝑦2 

       = √102 + (−24)2  

        = √100 + 576 

                    = √676 

 = 26 

 |𝑎| = √𝑥2 + 𝑦2 

       = √52 + (−12)2  

        = √25 + 144 

                    = √169 

 = 13 
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 LHS: |2𝑎| = 26 

 RHS: 2|𝑎| = 2 × 13 = 26 

 Hence, LHS =  RHS. 

 

6b 𝑏 = [
−15
 −8  

]  

 −𝑏 = [
15

   8   
]  

 |−𝑏| = √𝑥2 + 𝑦2 

       = √152 + 82  

        = √225 + 64 

                    = √289 = 17 

 |𝑏| = √𝑥2 + 𝑦2 

       = √(−15)2 + (−8)2  

        = √225 + 64 

                    = √289 

 = 17 

 LHS: |−𝑏| = 17 

 RHS: |𝑏| = 17 

 Hence, LHS =  RHS. 

 

6c 𝑎 = [
5

 −12  
] 𝑏 = [

−15
−8

]     

 𝑎 + 𝑏 = [
  5 + (−15)

(−12) + (−8)
]  

                    = [
  5 − 15

  −12 − 8 
]   

       = [
−10

  −20  
] 

 |𝑎 + 𝑏| = √𝑥2 + 𝑦2 
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       = √(−10)2 + (−20)2  

        = √100 + 400 

                    = √500 

    = 5√10 

 |𝑎| = √𝑥2 + 𝑦2 

       = √52 + (−12)2  

        = √25 + 144 

                    = √169 

 = 13 

 |𝑏| = √𝑥2 + 𝑦2 

       = √(−15)2 + (−8)2  

        = √225 + 64 

                    = √289 

= 17 

 LHS: |𝑎 + 𝑏| = 5√10 

 RHS: |𝑎| + |𝑏| = 13 + 17 = 30 

 Hence, LHS <  RHS 

 

6d LHS: |𝑎 + 𝑏| = 5√10 

 RHS: |𝑎| − |𝑏| = 13 − 17 = −4 

 Hence, LHS >  RHS 

 

7a 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = [
−1
  6  

]  𝑂𝑄⃗⃗⃗⃗⃗⃗ = [
3

  2  
] and 𝑂𝑅⃗⃗ ⃗⃗  ⃗ = [

8
 −3  

] 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑄⃗⃗⃗⃗⃗⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = [
3 − (−1)
  2 − 6  

]  

        = [
4

 −4  
] 
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 Gradient =
𝑦

𝑥
=

−4

4
= −1 

 𝑄𝑅⃗⃗ ⃗⃗  ⃗ = 𝑂𝑅⃗⃗⃗⃗  ⃗ − 𝑂𝑄⃗⃗⃗⃗⃗⃗   

        = [
8 − 3

 (−3) − 2  
]  

        = [
5

 −5  
] 

 Gradient =
𝑦

𝑥
=

−5

5
= −1 

 𝑃, 𝑄 and 𝑅 are collinear as the gradient is −1 

 

7b 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 3𝑖 + 8𝑗    𝑂𝐵⃗⃗ ⃗⃗  ⃗ = −𝑖 + 3𝑗  and 𝑂𝐶⃗⃗⃗⃗  ⃗ = −4𝑖 − 𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = (−𝑖 + 3𝑗) − (3𝑖 + 8𝑗 )   

             = ((−1) − 3)𝑖 + (3 − 8)𝑗 

             = −4𝑖 − 5𝑗 

 Gradient =
𝑦

𝑥
=

−5

−4
=

5

4
 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗  

        = (−4𝑖 − 𝑗) − (−𝑖 + 3𝑗 )   

             = ((−4) − (−1))𝑖 + ((−1) − 3)𝑗 

             = −3𝑖 − 4𝑗 

 Gradient =
𝑦

𝑥
=

−3

−4
=

3

4
 

 𝐴, 𝐵 and 𝐶 are not collinear as the gradient is not same.  

 

8a 𝑎 = 𝑂𝐴⃗⃗⃗⃗  ⃗ = 4𝑖 − 7𝑗    

 Consider 𝑂 to be the origin and 𝑂𝐴⃗⃗ ⃗⃗  ⃗ represented as the position vector. 
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8b 𝑏 = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 6𝑖 + 3𝑗    

 Consider 𝑂 to be the origin and 𝑂𝐵⃗⃗ ⃗⃗  ⃗ represented as the position vector. 

 

8c 𝑀 = 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗   is the mid-point of 𝐴𝐵⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑎 + 𝑏  

        = (6𝑖 + 3𝑗) + (4𝑖 − 7𝑗 )   

             = (6 + 4)𝑖 + (3 − 7)𝑗 

             = 10𝑖 − 4𝑗 

 𝑀 = 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  =
1

2
𝐴𝐵⃗⃗⃗⃗  ⃗  

        =
1

2
(10𝑖 − 4𝑗)  

       = 5𝑖 − 2𝑗 

 

9a 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = [
4

 −1  
] 

 

9b 2𝑂𝑃⃗⃗⃗⃗  ⃗ = [
8

 −2  
] 

 𝑂𝑄⃗⃗⃗⃗⃗⃗ = [
−3
 5  

] 

 2𝑂𝑃⃗⃗ ⃗⃗  ⃗ − 𝑂𝑄⃗⃗⃗⃗⃗⃗ = [
8 − (−3)
−2 − 5  

] = [
11

 −7  
] 

 

9c 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑄⃗⃗⃗⃗⃗⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗ 

        = [
−3 − 4

 5 − (−1) 
] 

                     = [
−7
 6  

] 
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9d 𝑄𝑃⃗⃗ ⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ − 𝑂𝑄⃗⃗⃗⃗⃗⃗  

        = [
4 − (−3)
(−1) − 5  

] 

       = [
7

−6  
] 

 

10a 𝑎 = 𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑖 − 𝑗    

 Consider 𝑂 to be the origin and 𝑂𝐴⃗⃗ ⃗⃗  ⃗ represented as the position vector. 

 𝑏 = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 7𝑖 + 3𝑗    

 Consider 𝑂 to be the origin and 𝑂𝐵⃗⃗ ⃗⃗  ⃗ represented as the position vector. 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = (7𝑖 + 3𝑗) − (𝑖 − 𝑗 )   

             = (7 − 1)𝑖 + (3 − (−1))𝑗 

             = 6𝑖 + 4𝑗 

 

10b |𝐴𝐵| = √𝑥2 + 𝑦2 

          = √62 + 42  

           = √36 + 16 

                        = √52 

                        = 2√13 

 

10c 𝐴𝐵̂ =
𝐴𝐵⃗⃗ ⃗⃗  ⃗

|𝐴𝐵|
 

                     =
  6𝑖+4𝑗    

2√13
  

     =
6

2√13
𝑖 +

4

2√13
𝑗  

         = 
3

√13
𝑖 +

2

√13
𝑗 
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11a 𝑎 = 2𝑖 + 2𝑗    

 |𝑎| = √𝑥2 + 𝑦2 

       = √22 + 22  

        = √4 + 4 

                    = √8 

= 2√2 

 tan 𝜃 =
𝑦

𝑥
 

           =
2

2
 

   tan 𝜃 = 1 

 𝑥 and 𝑦 are both positive in 1st quadrant hence,   

 𝜃 =
𝜋

4
 

 

11b 𝑏 = [
1

−√3  
]   

 |𝑏| = √𝑥2 + 𝑦2 

       = √12 + (−√3)2  

        = √1 + 3 

                    = √4 = 2 

 tan 𝜃 =
𝑦

𝑥
 

           =
−√3

1
 

   tan 𝜃 = −√3 

 𝑥  is positive and 𝑦 is negative hence 𝜃 in 4th quadrant   

 𝜃 = −
𝜋

3
 

 

11c 𝑐 = −3√3𝑖 + 3𝑗    

 |𝑐| = √𝑥2 + 𝑦2 
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       = √(−3√3)2 + 32  

        = √27 + 9 

                    = √36 = 6 

 tan 𝜃 =
𝑦

𝑥
 

           =
3

−3√3
 

   tan 𝜃 = −
1

√3
  

 𝑥  is negative and 𝑦 is positive hence 𝜃 in 2nd quadrant   

 𝜃 =
5𝜋

6
 

 

11d 𝑑 = [ −√6

−√6  
]   

 |𝑑| = √𝑥2 + 𝑦2 

       = √(−√6)2 + (−√6)2  

        = √6 + 6 

                    = √12 

                    = 2√3 

 tan 𝜃 =
𝑦

𝑥
 

           =
−√6

−√6
 

   tan 𝜃 = 1 

 𝑥  is negative and 𝑦 is negative hence 𝜃 in 3rd quadrant   

 𝜃 = −
3𝜋

4
 

 

12a Let 𝑎 be the vector 

 |𝑎| = 4 

 √𝑥2 + 𝑦2 = 4 
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 𝑥2 + 𝑦2 = 16        (1) 

 𝜃 = −
𝜋

4
 

 tan 𝜃 = −1 

 𝜃 in 4th quadrant so 𝑥 is positive and 𝑦 is negative.   

 
𝑦

𝑥
= −1 

 𝑦 = −𝑥               

 Substituting the value of 𝑦 in equation (1) 

 𝑥2 + 𝑦2 = 16   

 𝑥2 + (−𝑥)2 = 16            

 𝑥2 + 𝑥2 = 16         

 2𝑥2 = 16    

 𝑥2 = 8 

 𝑥 = 2√2     

 𝑦 = −𝑥 = −2√2             

 𝑎 = 2√2𝑖 − 2√2𝑗 

 

12b Let 𝑎 be the vector 

 |𝑎| = 2√6 

 √𝑥2 + 𝑦2 = 2√6 

 𝑥2 + 𝑦2 = 24        (1) 

 𝜃 =
2𝜋

3
 

 tan 𝜃 = tan
2𝜋

3
= −√3 

 𝜃 in 2nd quadrant so 𝑥 is negative and 𝑦 is positive.   

𝑦

𝑥
= −√3 

 𝑦 = −√3𝑥               

 Substituting the value of 𝑦 in equation (1) 

 𝑥2 + 𝑦2 = 24   



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  27 
 

 𝑥2 + (−√3𝑥)2 = 24            

 𝑥2 + 3𝑥2 = 24         

 4𝑥2 = 24    

 𝑥2 = 6 

 𝑥 = −√6     

 𝑦 = −√3𝑥 = −√6 × −√3 = 3√2             

 𝑎 = −√6𝑖 + 3√2𝑗 

 

12c Let 𝑎 be the vector 

 |𝑎| = 2 

 √𝑥2 + 𝑦2 = 2 

 𝑥2 + 𝑦2 = 4        (1) 

 𝜃 = −
5𝜋

6
 

 tan 𝜃 = tan (−
5𝜋

6
) =

1

√3
 

 𝜃 in 3rd quadrant so 𝑥 is negative and 𝑦 is negative.   

𝑦

𝑥
=

1

√3
 

 𝑦 =
1

√3
𝑥               

 Substituting the value of 𝑦 in equation (1) 

 𝑥2 + 𝑦2 = 4   

 𝑥2 + (
1

√3
𝑥)2 = 4            

 𝑥2 +
1

3
𝑥2 = 4         

 
4

3
𝑥2 = 4    

 𝑥2 = 3 

 𝑥 = −√3     

 𝑦 =
1

√3
𝑥 =

1

√3
× −√3 = −1             
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 𝑎 = −√3𝑖 − 𝑗 

 

12d Let 𝑎 be the vector 

 |𝑎| = 2√2 

 √𝑥2 + 𝑦2 = 2√2 

 𝑥2 + 𝑦2 = 8        (1) 

 𝜃 =
5𝜋

12
 

 tan 𝜃 = tan
5𝜋

12
= 2 + √3 

 𝜃 in 1st quadrant so 𝑥 is positive and 𝑦 is positive.   

 
𝑦

𝑥
= 2 + √3 

 𝑦 = (2 + √3) 𝑥               

 Substituting the value of 𝑦 in equation (1) 

 𝑥2 + 𝑦2 = 8   

 𝑥2 + ((2 + √3)𝑥)2 = 8            

 𝑥 = √3 − 1     

 𝑦 = (2 + √3)𝑥 = (2 + √3) × (√3 − 1) = √3 + 1             

 𝑎 = −(√3 − 1)𝑖 + (√3 + 1 ) 𝑗 

  

13 𝑎 = [
2

 −2  
] 𝑏 = [

−3
−5

]    𝑐 = [
24
8

] 

 𝑐 = 𝜆1𝑎 + 𝜆2𝑏 

 [
24
8

] = 𝜆1 [
2

 −2  
] + 𝜆2 [

−3
−5

]     

 [
24
8

] = [
2𝜆1

 −2𝜆1  
] + [

−3𝜆2

−5𝜆2
]     

 [
24
8

] = [
2𝜆1 − 3𝜆2

 −2𝜆1 − 5𝜆2 
] 

 Hence:  

 2𝜆1 − 3𝜆2 = 24     (1) 



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  29 
 

 −2𝜆1 − 5𝜆2 = 8     (2) 

 Add the equations (1) and (2) we get, 

 −8𝜆2 = 32      

 𝜆2 = −4 

 Substituting the value of 𝜆2 in equation (1) we get, 

 2𝜆1 − 3𝜆2 = 24   

 2𝜆1 − 3 × −4 = 24         

 2𝜆1 + 12 = 24      

 2𝜆1 = 12      

 𝜆1 = 6      

 

14a Let 𝑂 be the origin. 

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [2√3
 3  

] 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = [3√3
 4  

] 

 𝑂𝐶⃗⃗⃗⃗  ⃗ = [2√3
 5  

] 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [3√3 − 2√3
 4 − 3  

]= [√3
 1  

] 

 𝐶𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐶⃗⃗⃗⃗  ⃗ = [3√3 − 2√3
 4 − 5  

]= [ √3
−1  

] 

 

14b |𝐴𝐵⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √(√3)2 + 12  

        = √3 + 1 

                    = √4 

       = 2 
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 |𝐶𝐵⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √(√3)2 + (−1)2  

           = √3 + 1 

                        = √4 

           = 2 

 

14c 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [2√3 − 2√3
 5 − 3  

]= [
0
 2 

] 

 |𝐴𝐶⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √02 + 22  

        = √0 + 4 

                    = √4 

       = 2 

 |𝐴𝐵⃗⃗⃗⃗  ⃗| = |𝐶𝐵⃗⃗⃗⃗  ⃗| = |𝐴𝐶⃗⃗⃗⃗  ⃗| 

 Hence, 𝐴𝐵𝐶 is a triangle. 

 

15 Let 𝑂 be the origin. 

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [
−7
−5  

] 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = [
8

−2  
] 

 𝑂𝐶⃗⃗⃗⃗  ⃗ = [
 10 
 9  

] 

 𝑂𝐷⃗⃗⃗⃗⃗⃗ = [
−5 
 6 

] 

 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 𝑂𝐷⃗⃗⃗⃗⃗⃗ − 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [
−5 − (−7)
 6 − (−5)  

]= [
2

 11  
] 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = [
10 − 8

 9 − (−2)  
]= [

2
 11  

] 

 Hence, 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ 

 Therefore, 𝐴𝐵𝐶𝐷 is a parallelogram as opposite sides are equal and parallel. 
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16a Let 𝑂 be the origin. 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = [
−3
−4  

] 

 𝑂𝑄⃗⃗⃗⃗⃗⃗ = [
2

−2  
] 

 𝑂𝑅⃗⃗ ⃗⃗  ⃗ = [
 4 
 3  

] 

 𝑂𝑆⃗⃗⃗⃗  ⃗ = [
−1 
 1 

] 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ =𝑂𝑄⃗⃗⃗⃗⃗⃗ −𝑂𝑃⃗⃗⃗⃗  ⃗ = [
2 − (−3)

−2 − (−4)  
]= [

5
 2  

] 

 𝑆𝑅⃗⃗⃗⃗  ⃗ =𝑂𝑅⃗⃗⃗⃗  ⃗ −𝑂𝑆⃗⃗⃗⃗  ⃗ = [
4 − (−1)
3 − 1  

]= [
5
 2  

] 

 Hence, 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑆𝑅⃗⃗⃗⃗  ⃗ 

 

16b |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √52 + 22  

        = √25 + 4 

                    = √29 

 |𝑆𝑅⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √52 + 22  

        = √25 + 4 

                    = √29 

 Hence,|𝑃𝑄⃗⃗ ⃗⃗  ⃗| = |𝑆𝑅⃗⃗⃗⃗  ⃗| 

 

16c 𝑃𝑄𝑅𝑆 is a rhombus as adjacent sides are equal|𝑃𝑄⃗⃗ ⃗⃗  ⃗| = |𝑆𝑅⃗⃗⃗⃗  ⃗|. 

 

17a 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [
5

−3  
] 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = [
7
 4  

] 
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 𝑂𝐶⃗⃗⃗⃗  ⃗ = [
 2 
 7  

] 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [
2 − 5

7 − (−3)  
]= [

−3
 10  

] 

 
1

2
𝐴𝐶⃗⃗⃗⃗  ⃗ = [

−
3

2

 5  
] 

 LHS: 𝑂𝐴⃗⃗ ⃗⃗  ⃗ +
1

2
𝐴𝐶⃗⃗⃗⃗  ⃗ 

         = [
5

−3  
] + [

−
3

2

 5  
] 

        = [
5 + (−

3

2
 )

−3 + 5  
] 

        =[
 
7

2
 

  2  
] 

 RHS: 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = [
7
 4  

] 

           
1

2
𝑂𝐵⃗⃗ ⃗⃗  ⃗ = [

 
7

2
 

  2  
] 

 Hence, LHS = RHS. 

 

17b 𝑂𝐴𝐵𝐶 is a parallelogram as diagonals bisect each other. 

 

18 Let 𝑂 be the origin hence, 

 𝑂𝑊⃗⃗⃗⃗ ⃗⃗  ⃗ = [
−6
  4  

] 

 𝑂𝑋⃗⃗ ⃗⃗  ⃗ = [
6

  2  
] 

 𝑂𝑌⃗⃗⃗⃗  ⃗ = [
 4 
 9  

] 

 𝑂𝑍⃗⃗⃗⃗  ⃗ = [
𝑎 
 𝑏 

] 

 𝑊𝑍⃗⃗ ⃗⃗ ⃗⃗  =𝑂𝑍⃗⃗⃗⃗  ⃗ −𝑂𝑊⃗⃗⃗⃗⃗⃗  ⃗ = [
𝑎 − (−6)
𝑏 − 4  

]= [
𝑎 + 6
 𝑏 − 4  

] 

 𝑋𝑌⃗⃗⃗⃗  ⃗ =𝑂𝑌⃗⃗⃗⃗  ⃗ −𝑂𝑋⃗⃗ ⃗⃗  ⃗ = [
4 − 6
 9 − 2  

]= [
−2
  7  

] 

 As 𝑊𝑋𝑌𝑍 is a parallelogram, opposite sides are equal hence, 
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 𝑊𝑍⃗⃗ ⃗⃗ ⃗⃗  = 𝑋𝑌⃗⃗⃗⃗  ⃗ 

 [
𝑎 + 6
 𝑏 − 4  

] = [
−2
  7  

] 

 𝑎 + 6 = −2 

 𝑎 = −8 

 𝑏 − 4 = 7 

 𝑏 = 11 

 

Solutions for Enrichment question 19 are in preparation. 
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Solutions to Exercise 8C 

Solutions for Enrichment questions are in preparation. 

1a 𝑎 = [
3
1
]  𝑏 = [

2
4
]  

 𝑎 ∙ 𝑏 = 3 × 2 + 1 × 4 = 6 + 4 = 10 

 

1b 𝑎 = [
−8
−5

]  𝑏 = [
 6

−14
]  

 𝑎 ∙ 𝑏 = (−8) × 6 + (−5) × (−14) = −48 + 70 = 22 

 

1c 𝑎 = [
6𝑢
−2𝑣

]  𝑏 = [
 3𝑣
9𝑢

]  

 𝑎 ∙ 𝑏 = 6𝑢 × 3𝑣 + (−2𝑣) × 9𝑢 = 18𝑢𝑣 − 18𝑢𝑣 = 0 

 

1d 𝑎 = [
𝑥 − 1
𝑥 − 2

]  𝑏 = [
 𝑥 − 1
𝑥 + 2

]  

 𝑎 ∙ 𝑏 = (𝑥 − 1) × (𝑥 − 1) + (𝑥 − 2) × (𝑥 + 2) 

          = (𝑥 − 1)2 + 𝑥2 − 4 

          = 𝑥2 + 1 − 2𝑥 + 𝑥2 − 4 

           = 2𝑥2 − 2𝑥 − 3 

 

2a |𝑎| = 6 |𝑏| = 5 𝜃 = 60° 

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 6 × 5 cos 60° 

 𝑎 ∙ 𝑏 = 6 × 5 ×
1

2
 

 𝑎 ∙ 𝑏 = 6 ×
5

2
 

 𝑎 ∙ 𝑏 = 15 
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2b |𝑎| = 4 |𝑏| = 3 𝜃 = 45° 

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 4 × 3 cos 45° 

 𝑎 ∙ 𝑏 = 4 × 3 ×
1

√2
 

 𝑎 ∙ 𝑏 = 12 ×
1

√2
 

 𝑎 ∙ 𝑏 = 6√2 

 

3a |𝑢| = 4 |𝑣| = 5    

 𝑢 ∙ 𝑣 = |𝑢| × |𝑣| cos 𝜃 

 −10 = 4 × 5 cos 𝜃 

 20 cos 𝜃 = −10 

 cos 𝜃 = −
1

2
 

 𝜃 = 120° 

 

3b |𝑢| = 3 |𝑣| = 5    

 𝑢 ∙ 𝑣 = |𝑢| × |𝑣| cos 𝜃 

 12 = 3 × 5 cos 𝜃 

 15 cos 𝜃 = 12 

 cos 𝜃 =
4

5
= 0.8 

 𝜃 ≑ 37° 

 

4a 4𝑖 ∙ 2𝑗 = 8 × 𝑖 ∙ 𝑗 = 8 × 0 = 0  

 

4b −5𝑖 ∙ 3𝑗 = −15 × 𝑖 ∙ 𝑗 = −15 × 0 = 0  

 

4c 4𝑖 ∙ 2𝑖 = 8 × 𝑖 ∙ 𝑖 = 8 × 1 = 8  
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4d −5𝑗 ∙ 3𝑗 = −15 × 𝑗 ∙ 𝑗 = −15 × 1 = −15  

 

5a (4𝑖 + 2𝑗) ∙ (4𝑖 + 2𝑗)  

 = 4𝑖 ∙ 4𝑖 + 4𝑖 ∙ 2𝑗 + 2𝑗 ∙ 4𝑖 + 2𝑗 ∙ 2𝑗 

 = 16𝑖 ∙ 𝑖 + 8𝑖 ∙ 𝑗 + 8𝑗 ∙ 𝑖 + 4𝑗 ∙ 𝑗 

 = 16 × 1 + 8 × 0 + 8 × 0 + 4 × 1 

 = 16 + 4 

= 20 

  

5b (−5𝑖 + 3𝑗) ∙ (−5𝑖 + 3𝑗)  

 = (−5)𝑖 ∙ (−5)𝑖 + (−5)𝑖 ∙ 3𝑗 + 3𝑗 ∙ (−5)𝑖 + 3𝑗 ∙ 3𝑗 

 = 25𝑖 ∙ 𝑖 − 15𝑖 ∙ 𝑗 − 15𝑗 ∙ 𝑖 + 9𝑗 ∙ 𝑗 

 = 25 × 1 − 15 × 0 − 15 × 0 + 9 × 1 

 = 25 + 9 

= 34 

 

5c (4𝑖 + 2𝑗) ∙ (−5𝑖 + 3𝑗)  

 = 4𝑖 ∙ (−5)𝑖 + 4𝑖 ∙ 3𝑗 + 2𝑗 ∙ (−5)𝑖 + 2𝑗 ∙ 3𝑗 

 = −20𝑖 ∙ 𝑖 + 12𝑖 ∙ 𝑗 − 10𝑗 ∙ 𝑖 + 6𝑗 ∙ 𝑗 

 = −20 × 1 + 12 × 0 − 10 × 0 + 6 × 1 

 = −20 + 6 

= −14 

 

6a 𝑢 = [
−4
5

]  𝑣 = [
 7
6
]  

 𝑢 ∙ 𝑣 = (−4) × 7 + 5 × 6 

          = −28 + 30 

          = 2 
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 𝑢 and   𝑣 are not perpendicular as 𝑢 ∙ 𝑣 ≠ 0. 

  

6b 𝑢 = [
−4
−6

]  𝑣 = [
 18
−12

]  

 𝑢 ∙ 𝑣 = (−4) × 18 + (−6) × (−12) 

          = −72 + 72 

          = 0 

 𝑢 and   𝑣 are perpendicular as 𝑢 ∙ 𝑣 = 0. 

 

6c 𝑢 = [
−1
𝑎−2]  𝑣 = [ 𝑎

−1

𝑎
]  

 𝑢 ∙ 𝑣 = (−1) × 𝑎−1 + 𝑎−2 × 𝑎 

          = −𝑎−1 + 𝑎−1 

          = 0 

 𝑢 and   𝑣 are perpendicular as 𝑢 ∙ 𝑣 = 0. 

  

7a Consider 𝑂 to be the origin and 𝑂𝐴⃗⃗ ⃗⃗  ⃗, 𝑂𝐵⃗⃗ ⃗⃗  ⃗ and 𝑂𝐶⃗⃗⃗⃗  ⃗ represent position vectors. 

 Hence,  

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 2𝑖 + 5𝑗    𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 5𝑖 + 14𝑗  and 𝑂𝐶⃗⃗⃗⃗  ⃗ = −2𝑖 + 13𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = (5𝑖 + 14𝑗) − (2𝑖 + 5𝑗 )   

             = (5 − 2)𝑖 + (14 − 5)𝑗 

             = 3𝑖 + 9𝑗 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = (−2𝑖 + 13𝑗) − (2𝑖 + 5𝑗 )   

             = ((−2) − 2)𝑖 + (13 − 5)𝑗 

             = −4𝑖 + 8𝑗 

 



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  38 
 

7b 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = 3 × (−4) + 9 × 8 

          = −12 + 72 

          = 60  

 

7c |𝐴𝐵⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √32 + 92  

        = √9 + 81 

                    = √90 

       = 3√10 

 |𝐴𝐶⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √(−4)2 + 82  

        = √16 + 64 

                    = √80 

       = 4√5 

  

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

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = 3√10 × 4√5 cos 45°  

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = 3√10 × 4√5 ×
1

√2
 

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = 60√2 ×
1

√2
= 60  

 Hence, it is confirmed with part b above.  

 

8a Consider 𝑂 to be the origin and 𝑂𝑃⃗⃗ ⃗⃗  ⃗, 𝑂𝑄⃗⃗⃗⃗⃗⃗  and 𝑂𝑅⃗⃗ ⃗⃗  ⃗ represent position vectors. 

 Hence,  

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = √3𝑖 + 8𝑗    𝑂𝑄⃗⃗⃗⃗⃗⃗ = 3√3𝑖 + 14𝑗  and 𝑂𝑅⃗⃗ ⃗⃗  ⃗ = 5√3𝑖 + 12𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑄⃗⃗⃗⃗⃗⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (3√3𝑖 + 14𝑗) − (√3𝑖 + 8𝑗 )   
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             = (3√3 − √3)𝑖 + (14 − 8)𝑗 

             = 2√3𝑖 + 6𝑗 

 𝑃𝑅⃗⃗⃗⃗  ⃗ = 𝑂𝑅⃗⃗⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (5√3𝑖 + 12𝑗) − (√3𝑖 + 8𝑗)   

        = (5√3 − √3)𝑖 + (12 − 8)𝑗 

        = 4√3𝑖 + 4𝑗 

 

8b 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑅⃗⃗⃗⃗  ⃗ = 2√3 × 4√3 + 6 × 4 

                  = 24 + 24 

                  = 48  

 

8c |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √(2√3)2 + 62  

           = √12 + 36 

                       = √48 

          = 4√3 

 |𝑃𝑅⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √(4√3)2 + 42  

           = √48 + 16 

                        = √64 

           = 8 

  

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑅⃗⃗⃗⃗  ⃗ = |𝑃𝑄⃗⃗⃗⃗  ⃗| × |𝑃𝑅⃗⃗⃗⃗  ⃗| cos 𝜃  

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑅⃗⃗⃗⃗  ⃗ = 4√3 × 8 cos 30°  

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑅⃗⃗⃗⃗  ⃗ = 4√3 × 8 ×
√3

2
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 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑅⃗⃗⃗⃗  ⃗ = 32√3 ×
√3

2
= 48  

 Hence, it is confirmed with part b above.  

  

9a 𝑎 = 4𝑖 + 3𝑗    𝑏 = 5𝑗   

 𝑎 ∙ 𝑏 = (4𝑖 + 3𝑗) ∙ (5𝑗)  

          = 4𝑖 ∙ 0 + 4𝑖 ∙ 5𝑗 + 3𝑗 ∙ 0 + 3𝑗 ∙ 5𝑗 

          = 0 + 20𝑖 ∙ 𝑗 + 0 + 15𝑗 ∙ 𝑗 

          = 0 + 20 × 0 + 0 + 15 × 1 

          = 15 

 

|𝑎| = √𝑥2 + 𝑦2  

       = √42 + 32  

        = √16 + 9 

                    = √25 

       = 5 

 |𝑏| = √𝑥2 + 𝑦2  

       = √52  

                    = √25 

       = 5     

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 15 = 5 × 5 cos 𝜃 

 25 cos 𝜃 = 15 

 cos 𝜃 =
15

25
=

3

5
 

  

9b 𝑎 = [
 2 
 2 

]  𝑣 = [
 3
−1

]  

 𝑎 ∙ 𝑏 = 2 × 3 + 2 × (−1) 
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          = 6 − 2 

          = 4 

 |𝑎| = √𝑥2 + 𝑦2  

       = √22 + 22  

        = √4 + 4 

                    = √8 

       = 2√2 

 |𝑏| = √𝑥2 + 𝑦2  

       = √32 + (−1)2  

        = √9 + 1 

                    = √10 

     

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 4 = 2√2 × √10 cos 𝜃 

 4√5 cos 𝜃 = 4 

 cos 𝜃 =
4

4√5
=

1

√5
 

 

9c 𝑎 = [
−6 
 4 

]  𝑣 = [
−8
−2

]  

 𝑎 ∙ 𝑏 = (−6) × (−8) + 4 × (−2) 

          = 48 − 8 

          = 40 

 |𝑎| = √𝑥2 + 𝑦2  

       = √(−6)2 + 42  

        = √36 + 16 

                    = √52 

       = 2√13 
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 |𝑏| = √𝑥2 + 𝑦2  

       = √(−8)2 + (−2)2  

        = √64 + 4 

                    = √68 

       = 2√17 

     

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 40 = 2√13 × 2√17 cos 𝜃 

 4√221 cos 𝜃 = 40 

 cos 𝜃 =
40

4√221
=

10

√221
 

  

10 𝑢 = 𝜆2𝑖 + 2𝑗    𝑣 = 3𝑖 − (2 + 2𝜆)𝑗  

 𝑢 and 𝑣 are perpendicular 

 Hence,  

 𝑢 ∙ 𝑣 = 0 

 (𝜆2𝑖 + 2𝑗) ∙ (3𝑖 − (2 + 2𝜆)𝑗) = 0 

  𝜆2𝑖 ∙ 3𝑖 − 𝜆2𝑖 ∙ (2 + 2𝜆)𝑗 + 2𝑗 ∙ 3𝑖 − 2𝑗 ∙ (2 + 2𝜆)𝑗 = 0 

 3𝜆2𝑖 ∙ 𝑖 − (2 + 2𝜆)𝜆2𝑖 ∙ 𝑗 + 6𝑗 ∙ 𝑖 − (2 + 2𝜆)2𝑗 ∙ 𝑗 = 0 

 3𝜆2 × 1 + (2 + 2𝜆)𝜆2 × 0 + 6 × 0 − (2 + 2𝜆)2 × 1 = 0 

 3𝜆2 − (2 + 2𝜆)2 = 0 

 3𝜆2 − 4 − 4𝜆 = 0 

 3𝜆2 − 6𝜆 + 2𝜆 − 4 = 0 

 3𝜆(𝜆 − 2) + 2(𝜆 − 2) = 0 

 (3𝜆 + 2)(𝜆 − 2) = 0 

 (3𝜆 + 2) = 0 𝑜𝑟 (𝜆 − 2) = 0 

 𝜆 = −
2

3
 0𝑟 𝜆 = 2 
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11a i |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 6 × 2 cos
𝜋

3
 

 𝑎 ∙ 𝑏 = 12 ×
1

2
 

 𝑎 ∙ 𝑏 = 6 

   

11a ii |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 2𝑎 ∙ (−5)𝑏 = −10|𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = −10 × 6 × 2 cos
𝜋

3
 

 𝑎 ∙ 𝑏 = −120 ×
1

2
 

 𝑎 ∙ 𝑏 = −60 

 

11a iii |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 4𝑎 ∙ 0𝑏 = 0|𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 0 × 6 × 2 cos
𝜋

3
 

 𝑎 ∙ 𝑏 = 0 

  

11a iv |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 𝑎 ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 

 𝑎 ∙ (𝑎 + 𝑏) = |𝑎|
2
+ |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ (𝑎 + 𝑏) = 62 + 6 × 2 cos
𝜋

3
 

 𝑎 ∙ (𝑎 + 𝑏) = 36 + 6 × 2 ×
1

2
  

 𝑎 ∙ (𝑎 + 𝑏) = 36 + 6 = 42  
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11a v |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 𝑏 ∙ (𝑎 + 𝑏) = 𝑏 ∙ 𝑎 + 𝑏 ∙ 𝑏 

 𝑏 ∙ (𝑎 + 𝑏) = |𝑏|
2
+ |𝑏| × |𝑎| cos 𝜃 

 𝑏 ∙ (𝑎 + 𝑏) = 22 + 2 × 6 cos
𝜋

3
 

 𝑏 ∙ (𝑎 + 𝑏) = 4 + 2 × 6 ×
1

2
  

 𝑏 ∙ (𝑎 + 𝑏) = 4 + 6 = 10   

 

11a vi |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 − 𝑏 ∙ 𝑎 − 𝑏 ∙ 𝑏 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 − 𝑏 ∙ 𝑏 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = |𝑎|
2
− |𝑏|

2
 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 62 − 22 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 36 − 4 = 32  

 

11b i |𝑎| = 6 |𝑏| = 2 𝜃 =
2𝜋

3
 

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 6 × 2 cos
2𝜋

3
 

 𝑎 ∙ 𝑏 = 12 × −
1

2
 

 𝑎 ∙ 𝑏 = −6 

   

11b ii |𝑎| = 6 |𝑏| = 2 𝜃 =
2𝜋

3
 

 2𝑎 ∙ (−5)𝑏 = −10|𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = −10 × 6 × 2 cos
2𝜋

3
 

 𝑎 ∙ 𝑏 = −120 × −
1

2
 

 𝑎 ∙ 𝑏 = 60 
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11b iii |𝑎| = 6 |𝑏| = 2 𝜃 =
2𝜋

3
 

 4𝑎 ∙ 0𝑏 = 0|𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 0 × 6 × 2 cos
2𝜋

3
 

 𝑎 ∙ 𝑏 = 0 

  

11b iv |𝑎| = 6 |𝑏| = 2 𝜃 =
2𝜋

3
 

 𝑎 ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 

 𝑎 ∙ (𝑎 + 𝑏) = |𝑎|
2
+ |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ (𝑎 + 𝑏) = 62 + 6 × 2 cos
2𝜋

3
 

 𝑎 ∙ (𝑎 + 𝑏) = 36 + 6 × 2 × −
1

2
  

 𝑎 ∙ (𝑎 + 𝑏) = 36 − 6 = 30  

 

11b v |𝑎| = 6 |𝑏| = 2 𝜃 =
2𝜋

3
 

 𝑏 ∙ (𝑎 + 𝑏) = 𝑏 ∙ 𝑎 + 𝑏 ∙ 𝑏 

 𝑏 ∙ (𝑎 + 𝑏) = |𝑏|
2
+ |𝑏| × |𝑎| cos 𝜃 

 𝑏 ∙ (𝑎 + 𝑏) = 22 + 2 × 6 cos
2𝜋

3
 

 𝑏 ∙ (𝑎 + 𝑏) = 4 + 2 × 6 × −
1

2
  

 𝑏 ∙ (𝑎 + 𝑏) = 4 − 6 = −2   

 

11b vi |𝑎| = 6 |𝑏| = 2 𝜃 =
2𝜋

3
 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 − 𝑏 ∙ 𝑎 − 𝑏 ∙ 𝑏 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 − 𝑏 ∙ 𝑏 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = |𝑎|
2
− |𝑏|

2
 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 62 − 22 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 36 − 4 = 32  



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  46 
 

  

11c i |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

2
 

 𝑎 ∙ 𝑏 = |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 6 × 2 cos
𝜋

2
 

 𝑎 ∙ 𝑏 = 12 × 0 

 𝑎 ∙ 𝑏 = 0 

   

11c ii |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

2
 

 2𝑎 ∙ (−5)𝑏 = −10|𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = −10 × 6 × 2 cos
𝜋

2
 

 𝑎 ∙ 𝑏 = −120 × 0 

 𝑎 ∙ 𝑏 = 0 

 

11c iii |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

2
 

 4𝑎 ∙ 0𝑏 = 0|𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ 𝑏 = 0 × 6 × 2 cos
𝜋

2
 

 𝑎 ∙ 𝑏 = 0 

  

11c iv |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

2
 

 𝑎 ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 

 𝑎 ∙ (𝑎 + 𝑏) = |𝑎|
2
+ |𝑎| × |𝑏| cos 𝜃 

 𝑎 ∙ (𝑎 + 𝑏) = 62 + 6 × 2 cos
𝜋

2
 

 𝑎 ∙ (𝑎 + 𝑏) = 36 + 6 × 2 × 0  

 𝑎 ∙ (𝑎 + 𝑏) = 36 + 0 = 36  
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11c v |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

2
 

 𝑏 ∙ (𝑎 + 𝑏) = 𝑏 ∙ 𝑎 + 𝑏 ∙ 𝑏 

 𝑏 ∙ (𝑎 + 𝑏) = |𝑏|
2
+ |𝑏| × |𝑎| cos 𝜃 

 𝑏 ∙ (𝑎 + 𝑏) = 22 + 2 × 6 cos
𝜋

2
 

 𝑏 ∙ (𝑎 + 𝑏) = 4 + 2 × 6 × 0  

 𝑏 ∙ (𝑎 + 𝑏) = 4 + 0 = 4   

 

11c vi |𝑎| = 6 |𝑏| = 2 𝜃 =
𝜋

3
 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 − 𝑏 ∙ 𝑎 − 𝑏 ∙ 𝑏 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 𝑎 ∙ 𝑎 − 𝑏 ∙ 𝑏 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = |𝑎|
2
− |𝑏|

2
 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 62 − 22 

 (𝑎 − 𝑏) ∙ (𝑎 + 𝑏) = 36 − 4 = 32  

 

12a Consider 𝑂 to be the origin and 𝑂𝐴⃗⃗ ⃗⃗  ⃗, 𝑂𝐵⃗⃗ ⃗⃗  ⃗, 𝑂𝐶⃗⃗⃗⃗  ⃗ and 𝑂𝐷⃗⃗⃗⃗⃗⃗  represent position vectors. 

 Hence,  

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = −3𝑖 − 6𝑗    𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑖 − 4𝑗  𝑂𝐶⃗⃗⃗⃗  ⃗ = −2𝑖 + 2𝑗 and 𝑂𝐷⃗⃗⃗⃗⃗⃗ = −6𝑖 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = (𝑖 − 4𝑗) − (−3𝑖 − 6𝑗)   

        = (1 − (−3))𝑖 + ((−4) − (−6))𝑗 

        = (1 + 3)𝑖 + (−4 + 6)𝑗 

        = 4𝑖 + 2𝑗 

 𝐷𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐷⃗⃗⃗⃗⃗⃗   

        = (−2𝑖 + 2𝑗) − (−6𝑖)   

        = ((−2) − (−6))𝑖 + 2𝑗 
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        = (−2 + 6)𝑖 + 2𝑗 

        = 4𝑖 + 2𝑗 

 Hence, 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐷𝐶⃗⃗⃗⃗  ⃗ 

 

12b 𝐴𝐵⃗⃗⃗⃗  ⃗ = 4𝑖 + 2𝑗  

 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 𝑂𝐷⃗⃗⃗⃗⃗⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = (−6𝑖) − (−3𝑖 − 6𝑗)   

        = ((−6) − (−3))𝑖 − (−6)𝑗 

        = (−6 + 3)𝑖 + 6𝑗 

        = −3𝑖 + 6𝑗 

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 4 × (−3) + 2 × 6 

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = −12 + 12 = 0 

  

12c From part a, 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐷𝐶⃗⃗⃗⃗  ⃗ 

 From part b, 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 0 

This means two sides of the quadrilateral are equal and parallel and two sides 
are perpendicular to each other hence, a right-angled parallelogram or rectangle.  

 

13a Consider 𝑂 to be the origin and 𝑂𝑃⃗⃗ ⃗⃗  ⃗, 𝑂𝑄⃗⃗⃗⃗⃗⃗ , 𝑂𝑅⃗⃗ ⃗⃗  ⃗ and 𝑂𝑆⃗⃗⃗⃗  ⃗ represent position vectors. 

 Hence,  

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = −8𝑖 + 3𝑗    𝑂𝑄⃗⃗⃗⃗⃗⃗ = 3𝑖 + 7𝑗  𝑂𝑅⃗⃗ ⃗⃗  ⃗ = 7𝑖 + 18𝑗 and 𝑂𝑆⃗⃗⃗⃗  ⃗ = −4𝑖 + 14𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑄⃗⃗⃗⃗⃗⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (3𝑖 + 7𝑗) − (−8𝑖 + 3𝑗 )   

        = (3 − (−8))𝑖 + (7 − 3)𝑗 

         = (3 + 8)𝑖 + (7 − 3)𝑗 
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         = 11𝑖 + 4𝑗 

 𝑃𝑅⃗⃗⃗⃗  ⃗ = 𝑂𝑅⃗⃗⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (7𝑖 + 18𝑗) − (−8𝑖 + 3𝑗)   

        = (7 − (−8))𝑖 + (18 − 3)𝑗 

        = (7 + 8)𝑖 + (18 − 3)𝑗 

        = 15𝑖 + 15𝑗 

 
1

2
𝑃𝑅⃗⃗⃗⃗  ⃗ =

1

2
(15𝑖 + 15𝑗) =

15

2
𝑖 +

15

2
𝑗 

 

 𝑄𝑆⃗⃗⃗⃗  ⃗ = 𝑂𝑆⃗⃗⃗⃗  ⃗ − 𝑂𝑄⃗⃗⃗⃗⃗⃗   

        = (−4𝑖 + 14𝑗) − (3𝑖 + 7𝑗)   

         = (−4 − 3)𝑖 + (14 − 7)𝑗 

         = −7𝑖 + 7𝑗 

 
1

2
𝑄𝑆⃗⃗⃗⃗  ⃗ =

1

2
(−7𝑖 + 7𝑗) = −

7

2
𝑖 +

7

2
𝑗 

  

 LHS =
1

2
𝑃𝑅⃗⃗⃗⃗  ⃗ =

15

2
𝑖 +

15

2
𝑗 

  RHS = 𝑃𝑄⃗⃗⃗⃗  ⃗ +
1

2
𝑄𝑆⃗⃗⃗⃗  ⃗ 

              = (11𝑖 + 4𝑗) + (−
7

2
𝑖 +

7

2
𝑗) 

             = (11 −
7

2
) 𝑖 + (4 +

7

2
)𝑗 

 =
15

2
𝑖 +

15

2
𝑗 

 Hence, LHS = RHS. 

 

13b 𝑃𝑅⃗⃗⃗⃗  ⃗ = 15𝑖 + 15𝑗  

 𝑄𝑆⃗⃗⃗⃗  ⃗ = −7𝑖 + 7𝑗  

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 
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 𝑃𝑅⃗⃗⃗⃗  ⃗ ∙ 𝑄𝑆⃗⃗⃗⃗  ⃗ = 15 × (−7) + 15 × 7 

 𝑃𝑅⃗⃗⃗⃗  ⃗ ∙ 𝑄𝑆⃗⃗⃗⃗  ⃗ = −105 + 105 = 0 

  

13c From part a, 
1

2
𝑃𝑅⃗⃗⃗⃗  ⃗ = 𝑃𝑄⃗⃗⃗⃗  ⃗ +

1

2
𝑄𝑆⃗⃗⃗⃗  ⃗ 

 From part b, 𝑃𝑅⃗⃗⃗⃗  ⃗ ∙ 𝑄𝑆⃗⃗⃗⃗  ⃗ = 0 

This means the diagonals of the quadrilateral bisect each other at 90° hence, a 

rhombus. 

 

14a 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = [
−3
3

] , 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = [
 2
9
] ,  𝑂𝑄⃗⃗⃗⃗⃗⃗  ⃗ = [

 10
0

] 

 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = [
2 − (−3)
  9 − 3  

]  

        = [
5

  6  
] 

 𝐴𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑄⃗⃗⃗⃗⃗⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

        = [
10 − (−3)
  0 − 3  

]  

        = [
13

 −3  
] 

 

14b |𝐴𝑃⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √52 + 62  

           = √25 + 36 

                        = √61 

 |𝐴𝑄⃗⃗ ⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √132 + (−3)2  

            = √169 + 9 

                         = √178 

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 
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 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐴𝑄⃗⃗ ⃗⃗  ⃗ = 5 × 13 + 6 × (−3) 

 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐴𝑄⃗⃗ ⃗⃗  ⃗ = 65 − 18 = 47 

 

 |𝐴𝑃⃗⃗⃗⃗  ⃗| × |𝐴𝑄⃗⃗⃗⃗  ⃗| cos 𝜃 = 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐴𝑄⃗⃗ ⃗⃗  ⃗  

 √61 × √178 cos 𝜃 = 47  

 cos 𝜃 =
47

√61×√178
 

 cos 𝜃 =
47

√61×√178
=

47×47

61×178
= cos 63°  

 𝜃 = 63° 

  

15 Consider 𝑂 to be the origin and 𝑂𝑃⃗⃗ ⃗⃗  ⃗, 𝑂𝑄⃗⃗⃗⃗⃗⃗ , 𝑂𝑅⃗⃗ ⃗⃗  ⃗ and 𝑂𝑆⃗⃗⃗⃗  ⃗ represent position vectors. 

 Hence,  

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 𝑖 + 2𝑗 ,   𝑂𝑄⃗⃗⃗⃗⃗⃗ = 8𝑖 + 3𝑗 , 𝑂𝑅⃗⃗ ⃗⃗  ⃗ = 6𝑖 + 13𝑗 and 𝑂𝑆⃗⃗⃗⃗  ⃗ = 4𝑖 + 9𝑗 

 𝑃𝑅⃗⃗⃗⃗  ⃗ = 𝑂𝑅⃗⃗⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (6𝑖 + 13𝑗) − (𝑖 + 2𝑗)   

        = (6 − 1)𝑖 + (13 − 2)𝑗 

        = 5𝑖 + 11𝑗 

 𝑄𝑆⃗⃗⃗⃗  ⃗ = 𝑂𝑆⃗⃗⃗⃗  ⃗ − 𝑂𝑄⃗⃗⃗⃗⃗⃗   

        = (4𝑖 + 9𝑗) − (8𝑖 + 3𝑗)   

        = (4 − 8)𝑖 + (9 − 3)𝑗 

        = −5𝑖 + 6𝑗 

 |𝑃𝑅⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √52 + 112  

           = √25 + 121 

                        = √146 

 |𝑄𝑆⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 
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          = √(−5)2 + 62  

           = √25 + 36 

                        = √61 

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 

 𝑃𝑅⃗⃗⃗⃗  ⃗ ∙ 𝑄𝑆⃗⃗⃗⃗  ⃗ = 5 × (−5) + 11 × 6 

 𝑃𝑅⃗⃗⃗⃗  ⃗ ∙ 𝑄𝑆⃗⃗⃗⃗  ⃗ = −25 + 66 = 41 

  

 |𝑃𝑅⃗⃗⃗⃗  ⃗| × |𝑄𝑆⃗⃗⃗⃗  ⃗| cos 𝜃 = 𝑃𝑅⃗⃗⃗⃗  ⃗ ∙ 𝑄𝑆⃗⃗⃗⃗  ⃗  

 √146 × √61 cos 𝜃 = 41  

 cos 𝜃 =
41

√146×√61
 

 cos 𝜃 =
41

√146×√61
=

41×41

146×61
 

 𝜃 = 58°8′ 

 

16 Consider 𝑂 to be the centre of the circle, 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 𝑟 cos 𝜃 𝑖 + 𝑟 sin 𝜃 𝑗 

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = −𝑟𝑖  𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑟𝑖 

 Hence,  

 𝑃𝐴⃗⃗⃗⃗  ⃗ = 𝑂𝐴⃗⃗⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (−𝑟𝑖) − (𝑟 cos 𝜃 𝑖 + 𝑟 sin 𝜃 𝑗)   

             = ((−𝑟) − 𝑟 cos 𝜃)𝑖 − 𝑟 sin 𝜃 𝑗 

              = (−𝑟 − 𝑟 cos 𝜃)𝑖 − 𝑟 sin 𝜃 𝑗 

 𝑃𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗  

        = (𝑟𝑖) − (𝑟 cos 𝜃 𝑖 + 𝑟 sin 𝜃 𝑗)   

             = (𝑟 − 𝑟 cos 𝜃)𝑖 − 𝑟 sin 𝜃 𝑗 

 |𝑃𝐴⃗⃗⃗⃗  ⃗| = √(−𝑟 − 𝑟 cos 𝜃)2 + (−𝑟 sin 𝜃)2 

          = √𝑟2 + 𝑟2cos2𝜃 + 2𝑟2 cos 𝜃 + 𝑟2sin2𝜃  
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           = √𝑟2 + 𝑟2cos2𝜃 + 𝑟2sin2𝜃 + 2𝑟2 cos 𝜃  

           = √𝑟2 + 𝑟2(cos2𝜃 + sin2𝜃) + 2𝑟2 cos 𝜃 

                        = √𝑟2 + 𝑟2 × 1 + 2𝑟2 cos 𝜃 

                        = √2𝑟2 + 2𝑟2 cos 𝜃 

           = √2𝑟2(1 + cos 𝜃) 

                        = √2𝑟2 × 2cos2 𝜃

2
 

                        = √4𝑟2cos2 𝜃

2
 

           = 2𝑟 cos
𝜃

2
 

 |𝑃𝐴⃗⃗⃗⃗  ⃗| = √(𝑟 − 𝑟 cos 𝜃)2 + (−𝑟 sin 𝜃)2 

          = √𝑟2 + 𝑟2cos2𝜃 − 2𝑟2 cos 𝜃 + 𝑟2sin2𝜃  

           = √𝑟2 + 𝑟2cos2𝜃 + 𝑟2sin2𝜃 − 2𝑟2 cos 𝜃  

           = √𝑟2 + 𝑟2(cos2𝜃 + sin2𝜃) − 2𝑟2 cos 𝜃 

                       = √𝑟2 + 𝑟2 × 1 − 2𝑟2 cos 𝜃 

                       = √2𝑟2 − 2𝑟2 cos 𝜃 

          = √2𝑟2(1 − cos 𝜃) 

                       = √2𝑟2 × 2sin2 𝜃

2
 

                       = √4𝑟2sin2 𝜃

2
 

         = 2𝑟 sin
𝜃

2
 

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = (−𝑟 − 𝑟 cos 𝜃) × (𝑟 − 𝑟 cos 𝜃) + (−𝑟 sin 𝜃) × (−𝑟 sin 𝜃) 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = −(𝑟2 − 𝑟2cos2𝜃) + 𝑟2sin2𝜃 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = −𝑟2 + 𝑟2cos2𝜃 + 𝑟2sin2𝜃 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = −𝑟2 + 𝑟2(cos2𝜃 + sin2𝜃) 
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 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = −𝑟2 + 𝑟2 × 1 = 0 

 The dot product is 0, hence angle between 𝑃𝐴⃗⃗⃗⃗  ⃗ and 𝑃𝐵⃗⃗⃗⃗  ⃗ 𝑖. 𝑒. , ∠𝐴𝑃𝐵 𝑖𝑠 90°. 

 

17a Consider 𝑂 to be the origin hence, 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 2𝑖 + 𝑗 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 10𝑖 + 4𝑗  

 𝑂𝐶⃗⃗⃗⃗  ⃗ = 5𝑖 + 13𝑗 

 𝐵𝐴⃗⃗⃗⃗  ⃗ = 𝑂𝐴⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗  

        = (2𝑖 + 𝑗) − (10𝑖 + 4𝑗)   

        = (2 − 10)𝑖 + (1 − 4)𝑗 

        = −8𝑖 − 3𝑗 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗  

        = (5𝑖 + 13𝑗) − (10𝑖 + 4𝑗)   

        = (5 − 10)𝑖 + (13 − 4)𝑗 

         = −5𝑖 + 9𝑗 

 |𝐵𝐴⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √(−8)2 + (−3)2  

           = √64 + 9 

                        = √73 

 |𝐵𝐶⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

          = √(−5)2 + 92  

           = √25 + 81 

                        = √106 

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 

 𝐵𝐴⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ = (−8) × (−5) + (−3) × 9 

 𝐵𝐴⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ = 40 − 27 = 13 
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 |𝐵𝐴⃗⃗⃗⃗  ⃗| × |𝐵𝐶⃗⃗⃗⃗  ⃗| cos 𝜃 = 𝐵𝐴⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗  

 √73 × √106 cos 𝜃 = 13  

 cos 𝜃 =
13

√73×√106
 

 cos 𝜃 =
13

√7738
 

  

17b sin 𝜃 = √1 − cos2𝜃 

 sin 𝜃 = √1 − (
13

√7738
)
2

 

 sin 𝜃 = √1 −
169

7738
= √

7569

7738
=

87

√7738
 

 

17c Area of triangle 

 𝐴 =
1

2
|𝐵𝐴⃗⃗⃗⃗  ⃗| × |𝐵𝐶⃗⃗⃗⃗  ⃗| sin 𝜃  

 𝐴 =
1

2
√73 × √106 ×

87

√7738
 

 𝐴 =
1

2
× √7738 ×

87

√7738
=

87

2
= 43.5 

 Area of triangle is 43.5 square units 

 

18a 𝑃𝐴⃗⃗⃗⃗  ⃗ = [
3
1
]  𝑃𝐵⃗⃗⃗⃗  ⃗ = [

 𝑎
𝑏
]   

 |𝑃𝐵⃗⃗⃗⃗  ⃗| = 4√5 

 |𝑃𝐴⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

       = √32 + 12  

        = √9 + 1 

                    = √10 

 Area of triangle is 10 square units. 

 
1

2
|𝑃𝐴⃗⃗⃗⃗  ⃗| × |𝑃𝐵⃗⃗⃗⃗  ⃗| sin 𝜃 = 𝐴 

 
1

2
√10 × 4√5 sin 𝜃 = 10 
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1

2
× 20√2 sin 𝜃 = 10 

 sin 𝜃 =
1

√2
 

 cos 𝜃 = √1 − sin2𝜃 

 cos 𝜃 = √1 − (
1

√2
)
2

 

 cos 𝜃 = √1 −
1

2
= √

1

2
=

1

√2
 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = |𝑃𝐴⃗⃗⃗⃗  ⃗| × |𝑃𝐵⃗⃗⃗⃗  ⃗| cos 𝜃 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = √10 × 4√5
1

√2
= 20 

 By using the method, 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 

 𝑃𝐴⃗⃗⃗⃗  ⃗ ∙ 𝑃𝐵⃗⃗⃗⃗  ⃗ = 3 × 𝑎 + 1 × 𝑏 

 20 = 3𝑎 + 𝑏 

 

18b All the possibilities can be  

 𝑃𝐵⃗⃗⃗⃗  ⃗ = [
 8
−4

] , [
 4
8
] , [

−8
4

] , [
−4
−8

]  

 

19a 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑢 = 𝑥1𝑖 + 𝑦1𝑗 , 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑣 = 𝑥2𝑖 + 𝑦2𝑗 and ∠𝐴𝑂𝐵 = 𝜃 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑢 − 𝑣 

 |𝑢|
2
= 𝑥1

2 + 𝑦1
2 

 |𝑣|
2
= 𝑥2

2 + 𝑦2
2 

 𝑢 ∙ 𝑣 = 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 

 Using the cosine rule, 

 |𝐴𝐵|2 = |𝑢|
2
+ |𝑣|

2
− 2𝑢 ∙ 𝑣 

 |𝐴𝐵|2 = |𝑢|
2
+ |𝑣|

2
− 2|𝑢| × |𝑣| cos 𝜃 
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19b |𝐴𝐵|2 = (𝑥1 − 𝑥2)
2 + (𝑦1 − 𝑦2)

2 

 

19c (𝑥1 − 𝑥2)
2 + (𝑦1 − 𝑦2)

2 = |𝑢|
2
+ |𝑣|

2
− 2|𝑢| × |𝑣| cos 𝜃 

 (𝑥1 − 𝑥2)
2 + (𝑦1 − 𝑦2)

2 = |𝑢|
2
+ |𝑣|

2
− 2|𝑢| × |𝑣| cos 𝜃 

 𝑥1
2 + 𝑥2

2 − 2(𝑥1 × 𝑥2) + 𝑦1
2 + 𝑦2

2 − 2(𝑦1 × 𝑦2) = |𝑢|
2
+ |𝑣|

2
− 2|𝑢| × |𝑣| cos 𝜃 

 𝑥1
2 + 𝑦1

2 + 𝑥2
2 + 𝑦2

2 − 2(𝑥1 × 𝑥2) − 2(𝑦1 × 𝑦2) = |𝑢|
2
+ |𝑣|

2
− 2|𝑢| × |𝑣| cos 𝜃 

 |𝑢|
2
+ |𝑣|

2
− 2(𝑥1 × 𝑥2 + 𝑦1 × 𝑦2) = |𝑢|

2
+ |𝑣|

2
− 2|𝑢| × |𝑣| cos 𝜃   

 −2(𝑥1 × 𝑥2 + 𝑦1 × 𝑦2) = −2|𝑢| × |𝑣| cos 𝜃 

 𝑥1 × 𝑥2 + 𝑦1 × 𝑦2 = |𝑢| × |𝑣| cos 𝜃 

 Hence, proved. 

 

Solutions for Enrichment questions 20-23 are in preparation. 

 

 

 

 

 

 

  



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  58 
 

Solutions to Exercise 8D 

Solutions for Enrichment questions are in preparation. 

1a  

  

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑎 and 𝐶𝐵⃗⃗⃗⃗  ⃗ = 𝑏 

 𝑃 is the mid-point of 𝐴𝐶 and 𝑄 is the mid-point of 𝐵𝐶 

 Hence, 𝐴𝑃 = 𝑃𝐶 and 𝑄𝐶 = 𝑄𝐵 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐶𝐵⃗⃗⃗⃗  ⃗ − 𝐶𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐶𝐵⃗⃗⃗⃗  ⃗ − (−𝐴𝐶⃗⃗⃗⃗  ⃗) 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐶𝐵⃗⃗⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑏 + 𝑎 = 𝑎 + 𝑏   

 

1b 𝑃𝐶⃗⃗⃗⃗  ⃗ =
1

2
(𝐴𝐶⃗⃗⃗⃗  ⃗) =

1

2
𝑎 

  𝐶𝑄⃗⃗⃗⃗  ⃗ =
1

2
(𝐶𝐵⃗⃗⃗⃗  ⃗) =

1

2
𝑏 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝐶𝑄⃗⃗⃗⃗  ⃗ − 𝐶𝑃⃗⃗⃗⃗  ⃗ 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝐶𝑄⃗⃗⃗⃗  ⃗ − (−𝑃𝐶⃗⃗⃗⃗  ⃗) 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝐶𝑄⃗⃗⃗⃗  ⃗ + 𝑃𝐶⃗⃗⃗⃗  ⃗ =
1

2
𝑎 +

1

2
𝑏 =

1

2
(𝑎 + 𝑏) 

 

1c 𝑃𝑄⃗⃗ ⃗⃗  ⃗ =
1

2
(𝑎 + 𝑏) =

1

2
𝐴𝐵⃗⃗⃗⃗  ⃗ 

 Hence,  𝑃𝑄 ∥ 𝐴𝐵 and 𝑃𝑄 =
1

2
𝐴𝐵 
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2a  

  

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑎  𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑏 𝐴𝐷⃗⃗ ⃗⃗  ⃗ = 𝑑 and 𝐷𝐶⃗⃗⃗⃗  ⃗ = 𝑐 

 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑎 + 𝑏  

 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐷𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑑 + 𝑐 

 As, 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐷𝐶⃗⃗⃗⃗  ⃗ 

 Hence, 𝐴𝐶⃗⃗⃗⃗  ⃗ =  𝑎 + 𝑏 = 𝑑 + 𝑐 

 

2b 𝑃 is the mid-point of 𝐴𝐵 and 𝑄 is the mid-point of 𝐵𝐶. 

 Hence, 𝐴𝑃 = 𝑃𝐵 and 𝐵𝑄 = 𝑄𝐶. 

 𝑃𝐵⃗⃗⃗⃗  ⃗ =
1

2
(𝐴𝐵⃗⃗⃗⃗  ⃗) =

1

2
𝑎 

  𝐵𝑄⃗⃗ ⃗⃗  ⃗ =
1

2
(𝐵𝐶⃗⃗⃗⃗  ⃗) =

1

2
𝑏 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝐵𝑄⃗⃗ ⃗⃗  ⃗ − 𝐵𝑃⃗⃗⃗⃗  ⃗ 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝐵𝑄⃗⃗ ⃗⃗  ⃗ − (−𝑃𝐵⃗⃗⃗⃗  ⃗) 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝐵𝑄⃗⃗ ⃗⃗  ⃗ + 𝑃𝐵⃗⃗⃗⃗  ⃗ =
1

2
𝑏 +

1

2
𝑎 =

1

2
(𝑎 + 𝑏) 

 

2c 𝑆 is the mid-point of 𝐶𝐷 and 𝑅 is the mid-point of 𝐷𝐴. 

 Hence, 𝐴𝑆 = 𝑆𝐷 and 𝐷𝑅 = 𝑅𝐶 

 𝐷𝑅⃗⃗ ⃗⃗  ⃗ =
1

2
(𝐷𝐶⃗⃗⃗⃗  ⃗) =

1

2
𝑐 

  𝑆𝐷⃗⃗⃗⃗  ⃗ =
1

2
(𝐴𝐷⃗⃗ ⃗⃗  ⃗) =

1

2
𝑑 

 𝑆𝑅⃗⃗⃗⃗  ⃗ = 𝐷𝑅⃗⃗ ⃗⃗  ⃗ − 𝐷𝑆⃗⃗⃗⃗  ⃗ 

 𝑆𝑅⃗⃗⃗⃗  ⃗ = 𝐷𝑅⃗⃗ ⃗⃗  ⃗ − (−𝑆𝐷⃗⃗⃗⃗  ⃗) 
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 𝑆𝑅⃗⃗⃗⃗  ⃗ = 𝐷𝑅⃗⃗ ⃗⃗  ⃗ + 𝑆𝐷⃗⃗⃗⃗  ⃗ =
1

2
𝑐 +

1

2
𝑑 =

1

2
(𝑑 + 𝑐) 

 

2d From 2a,  𝐴𝐶⃗⃗⃗⃗  ⃗ =  𝑎 + 𝑏 = 𝑑 + 𝑐   

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ =
1

2
(𝑎 + 𝑏) =

1

2
𝐴𝐶⃗⃗⃗⃗  ⃗ 

 𝑆𝑅⃗⃗⃗⃗  ⃗ =
1

2
(𝑑 + 𝑐) =

1

2
𝐴𝐶⃗⃗⃗⃗  ⃗ 

 Hence, 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑆𝑅⃗⃗⃗⃗  ⃗ 

 

2e As, 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑆𝑅⃗⃗⃗⃗  ⃗  

This means, line joining mid-points adjacent sides of the quadrilateral are 

parallel and equal to each other, hence, 𝐴𝐵𝐶𝐷 is a parallelogram. 

 

3a 

   

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑎 and 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑏 𝐶𝐷⃗⃗⃗⃗  ⃗ = 𝑐 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐵𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ − (−𝐴𝐵⃗⃗⃗⃗  ⃗) 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ + 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑏 + 𝑎 = 𝑎 + 𝑏 

 

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐶𝐷⃗⃗⃗⃗  ⃗ − 𝐶𝐵⃗⃗⃗⃗  ⃗ 

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐶𝐷⃗⃗⃗⃗  ⃗ − (−𝐵𝐶⃗⃗⃗⃗  ⃗) 

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐶𝐷⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑐 + 𝑏 = 𝑏 + 𝑐 
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3b 𝑎 ∙ 𝑏 = |𝑎||𝑏| cos 𝜃  

 𝜃 is the angle between 𝑎 and 𝑏 

 𝐴𝐵𝐶𝐷 is a rectangle hence, 𝜃 = 90° 

 |𝑎| = 𝑥 |𝑏| = 𝑦 

 𝑎 ∙ 𝑏 = 𝑥 × 𝑦 × cos 90° = 𝑥 × 𝑦 × 0 = 0 

 

3c 𝑎 ∙ 𝑎 = |𝑎|
2
= 𝑥2  

 

3d |𝑎 + 𝑏|
2
= |𝐴𝐶⃗⃗⃗⃗  ⃗|

2
= 𝑥2 + 𝑦2  

 |𝐴𝐶⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

(𝑎 + 𝑏) ∙ (𝑎 + 𝑏)  

 = |𝑎 + 𝑏||𝑎 + 𝑏| cos 𝜃 

 = √𝑥2 + 𝑦2 × √𝑥2 + 𝑦2 × cos 0° 

 = (𝑥2 + 𝑦2) × 1 = 𝑥2 + 𝑦2 

 

 |𝑏 + 𝑐|
2
= |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= 𝑥2 + 𝑦2  

 As 𝐴𝐵𝐶𝐷 is a rectangle, |𝐴𝐵⃗⃗⃗⃗  ⃗| = |𝐶𝐷⃗⃗⃗⃗  ⃗| 

 |𝐵𝐷⃗⃗⃗⃗⃗⃗ | = √𝑥2 + 𝑦2 

(𝑏 + 𝑐) ∙ (𝑏 + 𝑐)  

 = |𝑏 + 𝑐||𝑏 + 𝑐| cos 𝜃 

 = √𝑥2 + 𝑦2 × √𝑥2 + 𝑦2 × cos 0° 

 = (𝑥2 + 𝑦2) × 1 = 𝑥2 + 𝑦2 

  

3e The diagonals of a rectangle have equal length.  
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4a  

   

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑎 and 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑏  

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐵𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ − (−𝐴𝐵⃗⃗⃗⃗  ⃗) 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ + 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑏 + 𝑎 = 𝑎 + 𝑏 

 

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗ 

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝑏 − 𝑎 

 

4b 𝑎 ∙ 𝑏 = |𝑎||𝑏| cos 𝜃  

 𝜃 is the angle between 𝑎 and 𝑏 

 𝐴𝐵𝐶𝐷 is a square hence, 𝜃 = 90° 

 |𝑎| = 𝑙 |𝑏| = 𝑙 

 𝑎 ∙ 𝑏 = 𝑙 × 𝑙 × cos 90° = 𝑥 × 𝑦 × 0 = 0 

 

4c 𝑎 ∙ 𝑎 = |𝑎|
2
= 𝑙2  

 

4d |𝑎 + 𝑏|
2
= |𝐴𝐶⃗⃗⃗⃗  ⃗|

2
= 𝑙2 + 𝑙2 = 2𝑙2  

 |𝐴𝐶⃗⃗⃗⃗  ⃗| = √2𝑙2 = √2𝑙 

 |𝑏 − 𝑎|
2
= |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= 𝑙2 + 𝑙2  

 |𝐵𝐷⃗⃗⃗⃗⃗⃗ | = √2𝑙2 = √2𝑙 
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(𝑎 + 𝑏) ∙ (𝑏 − 𝑎)  

 = |𝑎 + 𝑏||𝑏 − 𝑎| cos 𝜃 

 = √2𝑙 × √2𝑙 × cos 90° 

 = 2𝑙2 × 0 = 0 

 

4e The diagonals of the square meet at right angles. 

 

5a  

   

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑎 and 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏  

 |𝑎| = |𝑏| because the sides of rhombus are equal. 

 

5b 𝑎 ∙ 𝑎 = |𝑎|
2
 

 𝑏 ∙ 𝑏 = |𝑏|
2
= |𝑎|

2
 as |𝑎| = |𝑏| 

 Hence, 𝑎 ∙ 𝑎 = 𝑏 ∙ 𝑏 

 

5c 𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ + 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑏 + 𝑎 = 𝑎 + 𝑏  

 

 𝐵𝐴⃗⃗⃗⃗  ⃗ = 𝑂𝐴⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗ 

 𝐵𝐴⃗⃗⃗⃗  ⃗ = 𝑎 − 𝑏 
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5d 𝑂𝐶⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐴⃗⃗⃗⃗  ⃗ = (𝑎 + 𝑏) ∙ (𝑎 − 𝑏) 

    = |𝑎 + 𝑏||𝑏 − 𝑎| cos 𝜃 

                 = |𝑎 + 𝑏||𝑏 − 𝑎|cos 90°  as diagonals of the rhombus meet at right angles 

                 = |𝑎 + 𝑏||𝑏 − 𝑎| × 0 = 0 

 

5e Diagonals of a rhombus are perpendicular.  

 

6a  

   

 The opposite sides of a parallelogram are equal.  

 

6b 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ + 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑐 + 𝑎 

  

6c 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑐 − 𝑎 

  

6d |𝑐 + 𝑎| = |𝑐 − 𝑎| because 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ (diagonals of the parallelogram are equal). 

 

6e <Solution to come>  

 

6f It is a rectangle as 𝑎 ∙ 𝑐 = 0 
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7a  

   

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑎 and 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 𝑝 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = −𝑎 

 As 𝐴𝐵⃗⃗⃗⃗  ⃗ is the diameter and 𝑂𝐵⃗⃗ ⃗⃗  ⃗ is the radius in opposite direction to 𝑂𝐴⃗⃗ ⃗⃗  ⃗ 

 

7b 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝑃⃗⃗⃗⃗  ⃗ = 𝑝 − 𝑎 

 𝐵𝑃⃗⃗⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗ 

 𝐵𝑃⃗⃗⃗⃗  ⃗ = 𝑝 − (−𝑎) = 𝑝 + 𝑎 

  

7c 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐵𝑃⃗⃗⃗⃗  ⃗ = (𝑝 + 𝑎) ∙ (𝑝 − 𝑎) 

    = 𝑝 ∙ 𝑝 − 𝑝 ∙ 𝑎 + 𝑎 ∙ 𝑝 − 𝑎 ∙ 𝑎 

    = 𝑝 ∙ 𝑝 − 𝑎 ∙ 𝑎 

    = |𝑝|
2

− |𝑎|
2
 

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ as radius of the circle. 

 Hence,  

 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐵𝑃⃗⃗⃗⃗  ⃗ = |𝑝|
2

− |𝑎|
2
 

    = |𝑝|
2

− |𝑝|
2

= 0 

 Therefore, ∠𝐴𝑃𝐵 = 90°. 

  

7d An angle in a semi-circle is a right angle.  
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8a  

   

 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑎    𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏 𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑐    and 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 𝑝 

 (𝑝 − 𝑎) ∙ (𝑐 − 𝑏) = 0 

 (𝑂𝑃⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗) ∙ (𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗) = 0 

 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ = 0 

 𝑃 lies on the altitude from 𝐴 to 𝐵𝐶. 

 

8b (𝑝 − 𝑏) ∙ (𝑎 − 𝑐) = 0 

 (𝑂𝑃⃗⃗ ⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗) ∙ (𝑂𝐴⃗⃗ ⃗⃗  ⃗ − 𝑂𝐶⃗⃗⃗⃗  ⃗) = 0 

 𝐴𝑃⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = 0 

 𝑃 lies on the altitude from 𝐵 to 𝐶𝐴. 

 

8c (𝑝 − 𝑎) ∙ (𝑐 − 𝑏) = 0 and  (𝑝 − 𝑏) ∙ (𝑎 − 𝑐) = 0 

 (𝑝 − 𝑎) ∙ (𝑐 − 𝑏) = (𝑝 − 𝑏) ∙ (𝑎 − 𝑐) 

 𝑝 ∙ 𝑐 − 𝑝 ∙ 𝑏 − 𝑎 ∙ 𝑐 + 𝑎 ∙ 𝑏 = 𝑝 ∙ 𝑎 − 𝑝 ∙ 𝑐 − 𝑏 ∙ 𝑎 + 𝑏 ∙ 𝑐 

 𝑝 ∙ 𝑐 − 𝑝 ∙ 𝑏 − 𝑎 ∙ 𝑐 + 𝑎 ∙ 𝑏 − 𝑝 ∙ 𝑎 + 𝑝 ∙ 𝑐 + 𝑏 ∙ 𝑎 − 𝑏 ∙ 𝑐 = 0 

 −𝑝 ∙ 𝑏 − 𝑎 ∙ 𝑐 − 𝑝 ∙ 𝑎 − 𝑏 ∙ 𝑐 = 0 

 𝑝 ∙ 𝑏 + 𝑎 ∙ 𝑐 + 𝑝 ∙ 𝑎 + 𝑏 ∙ 𝑐 = 0 

 𝑝 ∙ 𝑎 − 𝑏 ∙ 𝑝 − 𝑐 ∙ 𝑎 + 𝑏 ∙ 𝑐 = 0 
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 𝑝(𝑎 − 𝑏) − 𝑐(𝑎 − 𝑏) = 0 

 (𝑝 − 𝑐) ∙ (𝑎 − 𝑏) = 0 

  

8d From 8c, we conclude that 𝑃 lies on the altitude from 𝐶 to 𝐵𝐴. 

 Hence, three altitudes are concurrent. 

 

9             𝐷 𝐶 

   

  

   

𝐴 𝐵 

 

 Let 𝐴𝐵𝐶𝐷 be a parallelogram.  

 And 𝑎 , 𝑏 , 𝑐  and 𝑑 be the respective position vectors of 𝐴, 𝐵, 𝐶 and 𝐷. 

As 𝐴𝐵𝐶𝐷 is a parallelogram, then opposite sides of the parallelogram are equal.  

𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝐷𝐶⃗⃗⃗⃗  ⃗  

𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐷⃗⃗⃗⃗⃗⃗   

𝑏 − 𝑎 = 𝑐 − 𝑑  

𝑏 + 𝑑 = 𝑎 + 𝑐  

We can also write, 

1

2
(𝑏 + 𝑑) =

1

2
(𝑎 + 𝑐)  

1

2
(𝑂𝐵⃗⃗ ⃗⃗  ⃗ + 𝑂𝐷⃗⃗⃗⃗⃗⃗ ) =

1

2
(𝑂𝐴⃗⃗ ⃗⃗  ⃗ + 𝑂𝐶⃗⃗⃗⃗  ⃗)  

1

2
𝐵𝐷⃗⃗⃗⃗⃗⃗ =

1

2
𝐴𝐶⃗⃗⃗⃗  ⃗  

This shows that the diagonals of the parallelogram bisect each other. 
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10  

  

             𝐵 𝐶 

   

  

   

              𝐴  𝐷 

  

Let 𝐴𝐵𝐶𝐷 be a parallelogram.  

 And 𝑎 , 𝑏 , 𝑐  and 𝑑 be the respective position vectors of 𝐴, 𝐵, 𝐶 and 𝐷. 

𝐴𝐶 and 𝐵𝐷 are the two diagonals that intersect at 𝑃.  

Hence,  

𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ and 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗ 

Now, 

|𝐴𝐶⃗⃗⃗⃗  ⃗|
2
+ |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= |𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+ |𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗|

2
  

We know that, 𝑎 ∙ 𝑎 = |𝑎 |
2
 

|𝐴𝐶⃗⃗⃗⃗  ⃗|
2
+ |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= |𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗| ∙ |𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗| + |𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗| ∙ |𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐴𝐵⃗⃗⃗⃗  ⃗|  

|𝐴𝐶⃗⃗⃗⃗  ⃗|
2
+ |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= |𝐴𝐵⃗⃗⃗⃗  ⃗|

2
+ |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+ 2𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ + |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+|𝐴𝐵⃗⃗⃗⃗  ⃗|

2
− 2𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗  

|𝐴𝐶⃗⃗⃗⃗  ⃗|
2
+ |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= |𝐴𝐵⃗⃗⃗⃗  ⃗|

2
+ |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+ |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+|𝐴𝐵⃗⃗⃗⃗  ⃗|

2
  

𝐴𝐵𝐶𝐷 be a parallelogram. So, |𝐵𝐶⃗⃗⃗⃗  ⃗| = |𝐴𝐷⃗⃗ ⃗⃗  ⃗| and |𝐴𝐵⃗⃗⃗⃗  ⃗| = |𝐶𝐷⃗⃗⃗⃗  ⃗| 

Therefore, we can write 

|𝐴𝐶⃗⃗⃗⃗  ⃗|
2
+ |𝐵𝐷⃗⃗⃗⃗⃗⃗ |

2
= |𝐴𝐵⃗⃗⃗⃗  ⃗|

2
+ |𝐶𝐷⃗⃗⃗⃗  ⃗|

2
+ |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
+|𝐴𝐷⃗⃗ ⃗⃗  ⃗|

2
  

 Hence, proved. 

 

11 <Solution to come>   

Solutions for Enrichment question 12 are in preparation. 
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Solutions to Exercise 8E 

Solutions for Enrichment questions are in preparation. 

1a 𝑎 = 𝑖 + 𝑗 , 𝑏 = 𝑖 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1×1+1×0

1×1+0×0
× 𝑖 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1

1
× 𝑖 = 𝑖 

 

1b 𝑎 = 𝑖 + 2𝑗 , 𝑏 = 𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1×0+2×1

0×0+1×1
× 𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
2

1
× 𝑗 = 2𝑗 

 

1c 𝑎 = −3𝑖 + 2𝑗 , 𝑏 = 𝑖 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−3×1+2×0

1×1+0×0
× 𝑖 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−3

1
× 𝑖 = −3𝑖 

 

2a 𝑎 = 2𝑖 + 3𝑗 , 𝑏 = 𝑖 

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
2×1+3×0

√12+02
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
2

1
= 2 

 

 

  



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  70 
 

2b 𝑎 = −2𝑖 − 4𝑗 , 𝑏 = 𝑗 

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−2×0−4×1

√02+12
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−4

1
= 4 

 

2c 𝑎 = −6√2𝑖 + 8√2𝑗 , 𝑏 = 𝑖 

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−6√2×1+8√2×0

√12+02
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−6√2

1
= 6√2 

 

3a 𝑎 = [
2
1
] ,  𝑏 = [

4
0
]  

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
2×4+1×0

4×4+0×0
× [

4
0
] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
8

16
× [

4
0
] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1

2
× [

4
0
] = [

2
0
] 

 

3b 𝑎 = 3𝑖 + 3𝑗 , 𝑏 = 2𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
3×0+3×2

0×0+2×2
× 2𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
6

4
× 2𝑗 = 3𝑗 
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3c 𝑎 = [
5

−3
],  𝑏 = [

−6
0

]  

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
5×(−6)+(−3)×0

(−6)×(−6)+0×0
× [

−6
0

] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−30

36
× [

−6
0

] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−5

6
× [

−6
0

] = [
5
0
] 

  

4a |𝑂𝐴⃗⃗ ⃗⃗  ⃗| = 6,    ∠𝐴𝑂𝐵 = 30°  

 𝑃𝑟𝑜𝑗𝑂𝐵⃗⃗⃗⃗⃗⃗ 𝑂𝐴⃗⃗⃗⃗  ⃗ = |𝑂𝐴⃗⃗ ⃗⃗  ⃗| cos 30° 

 𝑃𝑟𝑜𝑗𝑂𝐵⃗⃗⃗⃗⃗⃗ 𝑂𝐴⃗⃗⃗⃗  ⃗ = 6 × cos 30° 

 𝑃𝑟𝑜𝑗𝑂𝐵⃗⃗⃗⃗⃗⃗ 𝑂𝐴⃗⃗⃗⃗  ⃗ = 6 ×
√3

2
= 3√3 

 

4b |𝑂𝐴⃗⃗ ⃗⃗  ⃗| = 6√6    ∠𝐴𝑂𝐵 = 45°  

 𝑃𝑟𝑜𝑗𝑂𝐵⃗⃗⃗⃗⃗⃗ 𝑂𝐴⃗⃗⃗⃗  ⃗ = |𝑂𝐴⃗⃗ ⃗⃗  ⃗| cos 45° 

 𝑃𝑟𝑜𝑗𝑂𝐵⃗⃗⃗⃗⃗⃗ 𝑂𝐴⃗⃗⃗⃗  ⃗ = 6√6 × cos 45° 

 𝑃𝑟𝑜𝑗𝑂𝐵⃗⃗⃗⃗⃗⃗ 𝑂𝐴⃗⃗⃗⃗  ⃗ = 6√6 ×
1

√2
= 6√3 

  

5 𝑎 = [
10
−2

]  𝑏 = [
1

−7
]  

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
10×1+(−2)×(−7)

1×1+(−7)×(−7)
× [

1
−7

] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
24

49
× [

1
−7

] = [
24

−343
] 

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
=

24

5√2
=

12√2

5
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6a 𝑎 = [
1
2
]  𝑏 = [

2
2
]  

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1×2+2×2

2×2+2×2
× [

2
2
] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
6

8
× [

2
2
] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
3

4
× [

2
2
] = [ 

3

2
3

2

 ] 

   

6b 𝑎 = 𝑖 + 𝑗 , 𝑏 = 3𝑖 − 𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1×3+1×(−1)

3×3+(−1)×(−1)
× 3𝑖 − 𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
2

10
× (3𝑖 − 𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1

5
× (3𝑖 − 𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
3

5
𝑖 −

1

5
𝑗 

 

6c 𝑎 = [
−5
5

]  𝑏 = [
−6
8

]  

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
(−5)×(−6)+5×8

(−6)×(−6)+8×8
× [

−6
8

] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
70

100
× [

−6
8

] 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
7

10
× [

−6
8

] = [ 
−

21

5
28

5

 ] 
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7a 𝑎 = 𝑖 + 𝑗 , 𝑏 = 3𝑖 + 𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
1×3+1×1

3×3+1×1
× 3𝑖 + 𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
4

10
× (3𝑖 + 𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
2

5
× (3𝑖 + 𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
6

5
𝑖 +

2

5
𝑗 

  

7b 𝑎 = 4𝑖 − 3𝑗 , 𝑏 = 6𝑖 + 2𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
4×6+(−3)×2

6×6+2×2
× 6𝑖 + 2𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
18

40
× (6𝑖 + 2𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
9

20
× (6𝑖 + 2𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
27

10
𝑖 +

9

10
𝑗  

 

8a 𝑎 = −2𝑖 , 𝑏 = −3𝑖 − 2𝑗 

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
(−2)×(−3)+0×(−2)

√(−3)2+(−2)2
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
6

√13
  

 

8b 𝑎 = 6𝑖 − 4𝑗 , 𝑏 = −3𝑖 + 6𝑗 

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
6×(−3)+(−4)×6

√(−3)2+62
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
−18−24

√(−3)2+62
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 𝑃𝑟𝑜𝑗𝑏𝑎 =
42

√5
   

 

9 Let 𝑂 be the origin and 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = −3𝑖 − 7𝑗 and 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑖 + 5𝑗 be the position vectors 

 𝐴𝐵⃗⃗⃗⃗  ⃗ =  𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = = (𝑖 + 5𝑗) − (−3𝑖 − 7𝑗)  

 𝐴𝐵⃗⃗⃗⃗  ⃗ = = 𝑖 + 5𝑗 + 3𝑖 + 7𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = = 4𝑖 + 12𝑗 

 Let 𝑏 = −6𝑖 + 4𝑗 

 𝑃𝑟𝑜𝑗𝑏𝐴𝐵⃗⃗⃗⃗  ⃗ =
𝐴𝐵⃗⃗ ⃗⃗  ⃗∙𝑏

𝑏∙𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
4×(−6)+12×4

(−6)×(−6)+4×4
× −6𝑖 + 4𝑗 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
24

52
× (−6𝑖 + 4𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
6

13
× (6𝑖 + 4𝑗) 

 𝑃𝑟𝑜𝑗𝑏𝑎 = −
36

13
𝑖 +

24

13
𝑗  

 

10 Let 𝑂 be the origin and let  𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑖 + 3𝑗, 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 6𝑖 + 18𝑗, 𝑂𝐶⃗⃗⃗⃗  ⃗ = 9𝑖 + 4𝑗 and  

𝑂𝐷⃗⃗⃗⃗⃗⃗ = 19𝑖 + 24𝑗 be the position vectors.  

              𝐴𝐵⃗⃗⃗⃗  ⃗ =  𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗  

 𝐴𝐵⃗⃗⃗⃗  ⃗ = = (6𝑖 + 18𝑗) − (𝑖 + 3𝑗)  

 𝐴𝐵⃗⃗⃗⃗  ⃗ = = 6𝑖 + 18𝑗 − 𝑖 − 3𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = = 5𝑖 + 15𝑗 

 

𝐶𝐷⃗⃗⃗⃗  ⃗ =  𝑂𝐷⃗⃗⃗⃗⃗⃗ − 𝑂𝐶⃗⃗⃗⃗  ⃗  

 𝐶𝐷⃗⃗⃗⃗  ⃗ = = (19𝑖 + 24𝑗) − (9𝑖 + 4𝑗)  
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 𝐶𝐷⃗⃗⃗⃗  ⃗ = = 19𝑖 + 24𝑗 − 9𝑖 − 4𝑗 

 𝐶𝐷⃗⃗⃗⃗  ⃗ = = 10𝑖 + 20𝑗 

Length of 𝑃𝑟𝑜𝑗𝐶𝐷⃗⃗ ⃗⃗  ⃗𝐴𝐵⃗⃗⃗⃗  ⃗ =
𝐴𝐵⃗⃗ ⃗⃗  ⃗∙𝐶𝐷⃗⃗ ⃗⃗  ⃗

|𝐶𝐷⃗⃗ ⃗⃗  ⃗|
 

 𝑃𝑟𝑜𝑗𝐶𝐷⃗⃗ ⃗⃗  ⃗𝐴𝐵⃗⃗⃗⃗  ⃗ =
5×10+15×20

√102+202
 

 𝑃𝑟𝑜𝑗𝐶𝐷⃗⃗ ⃗⃗  ⃗𝐴𝐵⃗⃗⃗⃗  ⃗ =
50+300

√100+400
 

  𝑃𝑟𝑜𝑗𝐶𝐷⃗⃗ ⃗⃗  ⃗𝐴𝐵⃗⃗⃗⃗  ⃗ =
350

√500
=

350

10√5
= 7√5 

 

11 Let 𝑎 = 𝜆𝑖 + 4𝑗 and 𝑏 = 12𝑖 − 5𝑗 

Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 
𝑎∙𝑏

|𝑏|
=

140

13
 

 
𝜆×12+4×(−5)

√122+(−5)2
=

140

13
 

 
12𝜆−20

√144+25
=

140

13
  

 
12𝜆−20

√169
=

140

13
 

 
12𝜆−20

±13
=

140

13
 

 
12𝜆−20

13
=

140

13
 or 

12𝜆−20

−13
=

140

13
 

 12𝜆 − 20 = 140 or −(12𝜆 − 20) = 140 

             12𝜆 − 20 = 140 or −12𝜆 + 20 = 140 

 12𝜆 = 160 or −12𝜆 = 120 

 𝜆 =
160

12
=

40

3
 or 𝜆 =

120

−12
= −10 

 

12 Let 𝑢 = 𝑖 + 𝑗 and 𝑥 = 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑢 =
𝑢∙𝑥

𝑥∙𝑥
× 𝑥 

 𝑃𝑟𝑜𝑗𝑥𝑢 =
1×1+1×0

1×1+0×0
× 𝑖 
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 𝑃𝑟𝑜𝑗𝑥𝑢 =
1

1
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑢 = 𝑖 

 Let, 𝜆 = 2 

 2𝑢 = 2 (𝑖 + 𝑗) = 2𝑖 + 2𝑗 

 𝑃𝑟𝑜𝑗𝑥2𝑢 =
𝑢∙𝑥

𝑥∙𝑥
× 𝑥 

 𝑃𝑟𝑜𝑗𝑥2𝑢 =
2×1+1×0

1×1+0×0
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥2𝑢 =
2

1
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥2𝑢 = 2𝑖 = 2(𝑃𝑟𝑜𝑗𝑥𝑢 )  

 Hence, proved. 

 

 Let 𝑢 = 𝑖 + 𝑗 𝑣 = 2𝑖 + 3𝑗and 𝑥 = 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑢 =
𝑢∙𝑥

𝑥∙𝑥
× 𝑥 

 𝑃𝑟𝑜𝑗𝑥𝑢 =
1×1+1×0

1×1+0×0
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑢 =
1

1
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑢 = 𝑖 

 

 𝑃𝑟𝑜𝑗𝑥𝑣 =
𝑣∙𝑥

𝑥∙𝑥
× 𝑥 

 𝑃𝑟𝑜𝑗𝑥𝑣 =
2×1+3×0

1×1+0×0
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑣 =
2

1
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥𝑣 = 2𝑖 

 𝑢 + 𝑣 = 𝑖 + 𝑗 + 2𝑖 + 3𝑗 = 3𝑖 + 4𝑗 

  

 𝑃𝑟𝑜𝑗𝑥(𝑢 + 𝑣) =
(𝑢+𝑣)∙𝑥

𝑥∙𝑥
× 𝑥 

 𝑃𝑟𝑜𝑗𝑥(𝑢 + 𝑣) =
3×1+4×0

1×1+0×0
× 𝑖 
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 𝑃𝑟𝑜𝑗𝑥(𝑢 + 𝑣) =
3

1
× 𝑖 

 𝑃𝑟𝑜𝑗𝑥(𝑢 + 𝑣) = 3𝑖 = 𝑖 + 2𝑖 = 𝑃𝑟𝑜𝑗𝑥𝑢 + 𝑃𝑟𝑜𝑗𝑥𝑣 

 Hence, proved. 

 

Solutions for Enrichment questions 13 and 14 are in preparation. 
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Solutions to Exercise 8F 

Solutions for Enrichment questions are in preparation. 

1        𝑁 

 𝐴 

                    𝑗                20 𝑎     𝑗 

                         30°     

     𝑂              𝑖    𝐸 

 Using trigonometry, 

 cos 30° =
𝑖

𝑎
 

 
√3

2
=

𝑖

20
 

 2𝑖 = 20√3 

 𝑖 = 10√3 

  

 tan 30° =
𝑗

𝑖
 

 
1

√3
=

𝑗

10√3
 

 √3𝑗 = 10√3 

 𝑗 = 10  

 

2 

        𝑁 

 𝐴                              𝑃 

                    𝑗                       

                              

     𝑂𝑖                𝐸 

  

 Let 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 4𝑖 + 5𝑗 be the position vector and 𝐴𝑃⃗⃗⃗⃗  ⃗ = 3𝑖 − 2𝑗 be the velocity vector. 
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 Let’s say, in 𝑡 seconds, it moves from 𝐴𝑃⃗⃗⃗⃗  ⃗ hence, 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 𝑂𝐴⃗⃗⃗⃗  ⃗ + 𝑡 × 𝐴𝑃⃗⃗⃗⃗  ⃗ 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 4𝑖 + 5𝑗 + 7 × (3𝑖 − 2𝑗) 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 4𝑖 + 5𝑗 + 21𝑖 − 14𝑗 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 25𝑖 − 9𝑗 

 Hence, position vector after 7 seconds is 25𝑖 − 9𝑗 . 

 

3 Let 𝑢 = (2𝑖 − 3𝑗 ) N,    𝑣 = (4𝑖 + 𝑗)N  and 𝑤 = (−3𝑖 + 3𝑗)N 

 Resultant vector 𝑎 = (𝑢 + 𝑣) + 𝑤 

 𝑎 = ((2𝑖 − 3𝑗 ) + (4𝑖 + 𝑗)) + (−3𝑖 + 3𝑗) 

 𝑎 = (2𝑖 − 3𝑗 + 4𝑖 + 𝑗) + (−3𝑖 + 3𝑗) 

 𝑎 = (6𝑖 − 2𝑗 ) + (−3𝑖 + 3𝑗) 

 𝑎 = (6𝑖 − 2𝑗 − 3𝑖 + 3𝑗) 

 𝑎 = (3𝑖 + 𝑗 ) 

 The magnitude of resultant vector is 

 |𝑎| = √32 + 12 

 |𝑎| = √9 + 1 = √10  N 

 

4 The resultant force is 

 𝐹 = (30𝑖 + 16𝑗 )  

 The magnitude of resultant force is 

 |𝐹| = √302 + 162 

 |𝐹| = √900 + 256 = 34 N 

  

 The direction of resultant force, if 𝜃 is the angle between 𝑖  and 𝐹 
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 and using simple trigonometry: 

 tan 𝜃 =
16

30
 

 𝜃 = 28.07 ≑ 28° 

 The resultant force is about 34 N at 28° to the 30 N force. 

 

5a  

    

 Magnitude of the component of the force in the direction of motion 

 = 2000 cos 15° 

 = 2000 × 0.966 ≑ 1932 𝑁 

 

5b Magnitude of the component of the force in the perpendicular direction of 
motion 

 = 2000 sin 15° 

 = 2000 × 0.259 ≑ 518 𝑁 

 

6  Ceiling 

      60°                     60°  

 𝑇 𝑇 

 60°                      

 

Regard resultant vector to be the Tension 𝑇 and weight 𝑊 to be normal to plane 

making angle of 60° with each other. 

|𝑇| = |𝑊| cos 60°  

5Kg 
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|𝑇| = 5 ×
1

2
= 2.5  

In newtons, 𝑇 = 2.5 × 9.8
𝑚

𝑠
= 24.5  

 

7a 

   

 Component of the weight down the plane 

 = 24 sin 30° 

 = 24 ×
1

2
= 12 𝑁 

 

7b Component of the weight perpendicular to the plane 

 = 24 cos 30° 

 = 24 ×
√3

2
= 12√3 𝑁 

 

8a  

  

 Let 𝑖 and 𝑗  be the unit vectors of horizontal and vertical plane respectively. 

For 𝑂𝑃⃗⃗ ⃗⃗  ⃗, horizontal position vector is 𝑖 20 cos 25° while vertical vector is 𝑗  

20 sin 25° 
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Hence, 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 20 cos 25°𝑖 + 20 sin 25° 𝑗 

The angle between 𝑂𝑄⃗⃗⃗⃗⃗⃗  and plane will be 25° + 25° = 50°. 

For 𝑂𝑄⃗⃗⃗⃗⃗⃗ , horizontal position vector be 𝑖 16 cos 50° while vertical vector be 𝑗  

16 sin 50° 

Hence, 𝑂𝑄⃗⃗⃗⃗⃗⃗ = 16 cos 50°𝑖 + 16 sin 50° 𝑗 

  

8b The resultant vector of two forces is 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ + 𝑂𝑄⃗⃗⃗⃗⃗⃗  

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 20 cos 25°𝑖 + 20 sin 25° 𝑗 + 16 cos 50°𝑖 + 16 sin 50° 𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 20 × 0.906𝑖 + 20 × 0.423𝑗 + 16 × 0.643𝑖 + 16 × 0.766𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 18𝑖 + 9𝑗 + 10𝑖 + 12𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 28𝑖 + 21𝑗 

 The magnitude of resultant force is 

 |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √282 + 212 

 |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √784 + 441 = 35𝑁 

 Let 𝜃 be the angle between 𝑖 and 𝑃𝑄⃗⃗ ⃗⃗  ⃗. 

 The direction of resultant force is 

 𝑃𝑟𝑜𝑗𝑖𝑃𝑄⃗⃗⃗⃗  ⃗ = 28𝑖  

 (35 cos 𝜃)𝑖 = 28𝑖  

 cos 𝜃 =
28

35
≑ 36° 

 The resultant force is 35 N in a horizontal direction of 36°. 
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9 

   

 Magnitude of the component of the force 𝐹 acting parallel to the plane  

 = 10 sin 30° 

 = 10 ×
1

2
= 5  

 𝐹 = 𝑚 × 𝑎 = 5 × 9.8 = 49 N 

 

  

10 𝐵 

 𝑗     2.5  

 𝐴    1.5 𝑗 

 cos 𝜃 =
1.5

2.5
 

 𝜃 = 53° 

 Sam should row in the direction of N37°E. 

 

11  𝐵  

   12𝑁   45°𝑗 

 O  𝑖                   𝐴 

                                                         30° 

                                                                   16𝑁 

 

 Using trigonometry,  

 cos 30° =
𝑂𝐴

16
 

 
√3

2
=

𝑂𝐴

16
 

 𝑂𝐴 = 8√3 
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 Similarly,  

 cos 45° =
𝑂𝐵

16
 

 
1

√2
=

𝑂𝐵

12
 

 𝑂𝐵 = 6√2 

 The resultant force is 𝐹 = 8√3𝑖 + 6√2𝑗 

 The magnitude of the resultant force is 

 |𝐹 | = √(8√3)2 + (6√2)2 

 |𝐹 | = √192 + 72 ≑ 16𝑁 

  

 Direction of the resultant force is 

 (16 cos 𝜃) 𝑖 = 8√3𝑖 

 cos 𝜃 =
8√3

16
=

√3

2
 

 𝜃 = 30° 

 

12 Let the vectors be 𝑎 = 9𝑖 − 2𝑗 ,  𝑏 = −3𝑖 + 10𝑗  and 𝑐 = 18𝑖 − 𝑗 . 

 and the resultant force be 𝐹 = (𝑎 + 𝑏) + 𝑐 

 𝐹 = ((9𝑖 − 2𝑗 ) + (−3𝑖 + 10𝑗)) + (18𝑖 − 𝑗) 

 𝐹 = (9𝑖 − 2𝑗 − 3𝑖 + 10𝑗) + (18𝑖 − 𝑗) 

 𝐹 = (6𝑖 + 8𝑗 ) + (18𝑖 − 𝑗) 

 𝐹 = (6𝑖 + 8𝑗 + 18𝑖 − 𝑗) 

 𝐹 = (24𝑖 + 7𝑗 ) 

 The direction of acceleration of the object is in direction of the resultant force i.e., 

 tan 𝜃 =
7

24
 

 𝜃 = tan−1 7

24
 above the horizontal 
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 The magnitude of resultant force is 

 |𝐹| = √242 + 72 = √576 + 49 = 25  

  

 The magnitude of acceleration of the object is 

 |𝑎| =
|𝐹|

𝑚
=

25

5
= 5 m/s 

  

13a At 12 noon, the position vector is 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 40𝑖 + 16𝑗 

 After 5 minutes, the position vector is 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 33𝑖 + 40𝑗 

 The resultant vector be 𝐴𝐵⃗⃗⃗⃗  ⃗ which is 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = (33𝑖 + 40𝑗) − (40𝑖 + 16𝑗) 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 33𝑖 + 40𝑗 − 40𝑖 − 16𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = −7𝑖 + 24𝑗 

 At 12.15 pm, the resultant vector of the plane be 

 3𝐴𝐵⃗⃗⃗⃗  ⃗ = 3 (−7𝑖 + 24𝑗) = −21𝑖 + 72𝑗  

 Hence, the position vector will be 

 3𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝑂𝐴⃗⃗⃗⃗  ⃗ = −21𝑖 + 72𝑗 + 40𝑖 + 16𝑗 = 19𝑖 + 88𝑗 

 

13b After 1 hour i. e. 60 minutes, the velocity of the plane will be 

 12𝐴𝐵⃗⃗⃗⃗  ⃗ = 12 (−7𝑖 + 24𝑗) = −84𝑖 + 288𝑗  

  

14-19 <Solutions to come>   

 

Solutions for Enrichment question 20 are in preparation. 

 

Solutions to Chapter review 



 
Chapter 8 worked solutions – Vectors 
 

© Cambridge University Press 2019  86 
 

1 |𝐴𝐵⃗⃗⃗⃗  ⃗| = 133 km and angle 𝑖𝑠 68° 

 |𝐵𝐶⃗⃗⃗⃗  ⃗| = 98 km and angle is 116° 

 Hence,  

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ 

 The magnitude of the vectors can be 

 |𝐴𝐶⃗⃗⃗⃗  ⃗| × |𝐴𝐶⃗⃗⃗⃗  ⃗| = |𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗| × |𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗| 

 |𝐴𝐶⃗⃗⃗⃗  ⃗|
2
= |𝐴𝐵⃗⃗⃗⃗  ⃗|

2
× |𝐵𝐶⃗⃗⃗⃗  ⃗|

2
× 2|𝐴𝐵⃗⃗⃗⃗  ⃗||𝐵𝐶⃗⃗⃗⃗  ⃗| cos 𝜃 

 Let 𝜃 be the angle of 𝐴𝐶⃗⃗⃗⃗  ⃗ which is 

 𝜃 = 116° − 48° = 48° 

 |𝐴𝐶⃗⃗⃗⃗  ⃗|
2
= 1332 × 682 × 2 × 133 × 68 × cos 48° 

 |𝐴𝐶⃗⃗⃗⃗  ⃗|
2
= 44733 

 |𝐴𝐶⃗⃗⃗⃗  ⃗| = √44733 ≑ 211.5 km  

 The direction of 𝐴𝐶⃗⃗⃗⃗  ⃗ is 

 (90° − 68°) + (180° − 116°) = 22° + 64° = 86° 

 

2a 𝐴𝐸⃗⃗⃗⃗  ⃗ + 𝐸𝐷⃗⃗ ⃗⃗  ⃗ = 𝐴𝐷⃗⃗ ⃗⃗  ⃗  

 

2b 𝐴𝐷⃗⃗ ⃗⃗  ⃗ + 𝐷𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗  

 

2c 𝐷𝐴⃗⃗ ⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐷𝐶⃗⃗⃗⃗  ⃗ 

 

2d 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐷⃗⃗⃗⃗  ⃗ + 𝐷𝐸⃗⃗ ⃗⃗  ⃗ + 𝐸𝐴⃗⃗⃗⃗  ⃗ 

 = 𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐸⃗⃗⃗⃗  ⃗ + 𝐸𝐴⃗⃗⃗⃗  ⃗ 

 = 𝐴𝐸⃗⃗⃗⃗  ⃗ + 𝐸𝐴⃗⃗⃗⃗  ⃗ 

 = 𝐴𝐴⃗⃗⃗⃗  ⃗ 

= 0 
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2e 𝐴𝐷⃗⃗ ⃗⃗  ⃗ − 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐶𝐷⃗⃗⃗⃗  ⃗  

 

2f 𝐸𝐵⃗⃗⃗⃗  ⃗ − 𝐸𝐷⃗⃗ ⃗⃗  ⃗ = 𝐷𝐵⃗⃗⃗⃗⃗⃗   

 

3a  

   

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑏 − 𝑎 

 

3b 𝐴𝑀⃗⃗⃗⃗ ⃗⃗ =
1

2
𝐴𝐵⃗⃗⃗⃗  ⃗ 

 𝐴𝑀⃗⃗⃗⃗ ⃗⃗  =
1

2
(𝑏 − 𝑎) 

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑂𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝑀⃗⃗⃗⃗ ⃗⃗  

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑎 +
1

2
(𝑏 − 𝑎) 

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑎 +
1

2
𝑏 −

1

2
𝑎 

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  =
1

2
𝑎 +

1

2
𝑏 =

1

2
(𝑎 + 𝑏) 
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3c 
𝑂𝑃⃗⃗ ⃗⃗  ⃗

𝑃𝐴⃗⃗⃗⃗  ⃗
=

2

1
   

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 2𝑃𝐴⃗⃗⃗⃗  ⃗ 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 2(𝑂𝐴⃗⃗⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗) 

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ =
2

3
𝑂𝐴⃗⃗⃗⃗  ⃗ =

2

3
𝑎 

 𝑃𝑀⃗⃗⃗⃗ ⃗⃗ = 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  − 𝑂𝑃⃗⃗⃗⃗  ⃗ 

 𝑃𝑀⃗⃗⃗⃗ ⃗⃗ =
1

2
𝑎 +

1

2
𝑏 −

2

3
𝑎 

 𝑃𝑀⃗⃗⃗⃗ ⃗⃗ =
1

2
𝑏 −

1

6
𝑎 

 𝑃𝑀⃗⃗⃗⃗ ⃗⃗ =
1

6
(3𝑏 − 𝑎) 

 

4a  

   

  

 
𝑂𝑃⃗⃗ ⃗⃗  ⃗

𝑃𝐴⃗⃗⃗⃗  ⃗
=

1

3
   

 𝑃𝐴⃗⃗⃗⃗  ⃗ = 3𝑂𝑃⃗⃗⃗⃗  ⃗ 

 𝑃𝐴⃗⃗⃗⃗  ⃗ = 3(𝑂𝐴⃗⃗⃗⃗  ⃗ − 𝑃𝐴⃗⃗⃗⃗  ⃗) 

 𝑃𝐴⃗⃗⃗⃗  ⃗ =
3

4
𝑂𝐴⃗⃗⃗⃗  ⃗ =

3

4
𝑎 

 

4b 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑏 − 𝑎 

 
𝐴𝑄⃗⃗⃗⃗⃗⃗ 

𝐵𝑄⃗⃗⃗⃗⃗⃗ 
=

3

4
   

 𝐴𝑄⃗⃗ ⃗⃗  ⃗ =
3

4
𝐵𝑄⃗⃗ ⃗⃗  ⃗ 
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 𝐴𝑄⃗⃗ ⃗⃗  ⃗ =
3

4
(𝐴𝐵⃗⃗⃗⃗  ⃗ − 𝐴𝑄⃗⃗⃗⃗  ⃗) 

 𝐴𝑄⃗⃗ ⃗⃗  ⃗ =
3

7
𝐴𝐵⃗⃗⃗⃗  ⃗ =

3

7
(𝑏 − 𝑎)  

 

4c 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑃𝐴⃗⃗⃗⃗  ⃗ − 𝐴𝑄⃗⃗⃗⃗  ⃗ 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ =
3

4
𝑎 +

3

7
(𝑏 − 𝑎) 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ =
3

4
𝑎 +

3

7
𝑏 −

3

7
𝑎 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ =
9

28
𝑎 +

3

7
𝑏 

  

4d 𝑄𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐶⃗⃗⃗⃗  ⃗ − 𝐴𝑄⃗⃗⃗⃗  ⃗ 

 𝑂𝐴𝐵𝐶 is a parallelogram, hence, 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏 

 𝑄𝐶⃗⃗⃗⃗  ⃗ = 𝑏 +
3

7
(𝑏 − 𝑎) 

 𝑄𝐶⃗⃗⃗⃗  ⃗ = 𝑏 +
3

7
𝑏 −

3

7
𝑎 

 𝑄𝐶⃗⃗⃗⃗  ⃗ =
3

7
𝑎 +

4

7
𝑏 

  

4e 𝑃𝐶⃗⃗⃗⃗  ⃗ = 𝑃𝐴⃗⃗⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ 

 𝑃𝐶⃗⃗⃗⃗  ⃗ =
3

4
𝑎 + 𝑏  

 and 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ + 𝑄𝐶⃗⃗⃗⃗  ⃗ 

 =
9

28
𝑎 +

3

7
𝑏 +

3

7
𝑎 +

4

7
𝑏 

 =
3

4
𝑎 + 𝑏 = 𝑃𝐶⃗⃗⃗⃗  ⃗ 

 Hence, 𝑃, 𝑄 and 𝐶 are collinear.  
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5a Let  𝑂 be the origin hence, 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = −4𝑖 + 2𝑗 and 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 2𝑖 + 10𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = (2𝑖 + 10𝑗) − (−4𝑖 + 2𝑗) 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 2𝑖 + 10𝑗 + 4𝑖 − 2𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 6𝑖 + 8𝑗 

 

5b |𝐴𝐵⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

 |𝐴𝐵⃗⃗⃗⃗  ⃗| = √62 + 82 

 |𝐴𝐵⃗⃗⃗⃗  ⃗| = √100 = 10 

 

5c 𝐴𝐵̂ =
𝐴𝐵⃗⃗ ⃗⃗  ⃗

|𝐴𝐵⃗⃗ ⃗⃗  ⃗|
  

 𝐴𝐵̂ =
6𝑖+8𝑗

10
=

3

5
𝑖 +

4

5
𝑗 

 

6a 𝑣 = [
2𝑎
𝑎

]  

 |𝑣| = √𝑥2 + 𝑦2 

 |𝑣| = √(2𝑎)2 + (𝑎)2 

 |𝑣| = √5𝑎2 = √5𝑎 

 

6b 𝑣 =
𝑣

|𝑣|
  

 𝑣 =
1

√5𝑎
[
2𝑎
𝑎

] = [

2

√5
1

√5

] 

  

6c 𝑣 + 𝑣 = [
2𝑎
𝑎

] + [
2𝑎
𝑎

] = [
4𝑎
2𝑎

]  
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6d 𝑣 ∙ 𝑣 = |𝑣|
2

   

 𝑣 ∙ 𝑣 = (√5𝑎)
2
= 5𝑎2  

 

7a 𝑎 = [
𝑥 − 1
1 − 𝑥

] and 𝑏 = [
𝑥 + 1
1 + 𝑥

] 

 𝑎 ∙ 𝑏 = 𝑥1𝑥2 + 𝑦1𝑦2 

 𝑎 ∙ 𝑏 = (𝑥 − 1)(𝑥 + 1) + (1 − 𝑥)(1 + 𝑥) 

 𝑎 ∙ 𝑏 = 𝑥2 − 1 + 1 − 𝑥2 = 0 

 As, 𝑎 ∙ 𝑏 = 0, vectors are perpendicular. 

 

7b 𝑎 = [
5𝑥

5𝑥 − 1
] and 𝑏 = [

1 − 2𝑥
2𝑥

] 

 𝑎 ∙ 𝑏 = 𝑥1𝑥2 + 𝑦1𝑦2 

 𝑎 ∙ 𝑏 = 5𝑥(1 − 2𝑥) + (5𝑥 − 1)2𝑥 

 𝑎 ∙ 𝑏 = 5𝑥 − 10𝑥2 + 10𝑥2 − 2𝑥 = 3𝑥 

 As, 𝑎 ∙ 𝑏 ≠ 0, vectors are not perpendicular.  

 

8 𝑎 = [
−5
3

] and 𝑏 = [
10
2

]  

 𝑎 ∙ 𝑏 = 𝑥1𝑥2 + 𝑦1𝑦2 

 𝑎 ∙ 𝑏 = −5 × 10 + 3 × 2 

 𝑎 ∙ 𝑏 = −50 + 6 = −44 

 Also, where 𝜃 is the angle between 𝑎 and 𝑏 

 𝑎 ∙ 𝑏 = |𝑎||𝑏| cos 𝜃 

 |𝑎| = √𝑥2 + 𝑦2 

 |𝑎| = √(−5)2 + 32 

 |𝑎| = √25 + 9 = √34 

  

 |𝑏| = √𝑥2 + 𝑦2 
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 |𝑏| = √102 + 22 

 |𝑏| = √100 + 4 = √104 

 

 𝑎 ∙ 𝑏 = √34 × √104 cos 𝜃 

 √34 × √104 cos 𝜃 = −44 

 cos 𝜃 =
−44

√3536
=

−11

15
 

 𝜃 = 137°44′ 

 

9a Let  𝑂 be the origin hence, 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = −4𝑖 − 5𝑗, 𝑂𝑄⃗⃗⃗⃗⃗⃗ = 10𝑖 + 5𝑗 ,  𝑂𝑅⃗⃗ ⃗⃗  ⃗ = 5𝑖 + 12𝑗  and 

𝑂𝑆⃗⃗⃗⃗  ⃗ = −9𝑖 + 2𝑗. 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑄⃗⃗⃗⃗⃗⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗ 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = (10𝑖 + 5𝑗) − (−4𝑖 − 5𝑗) 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 10𝑖 + 5𝑗 + 4𝑖 + 5𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 14𝑖 + 10𝑗 

  

 𝑆𝑅⃗⃗⃗⃗  ⃗ = 𝑂𝑅⃗⃗⃗⃗  ⃗ − 𝑂𝑆⃗⃗⃗⃗  ⃗ 

 𝑆𝑅⃗⃗⃗⃗  ⃗ = (5𝑖 + 12𝑗) − (−9𝑖 + 2𝑗) 

 𝑆𝑅⃗⃗⃗⃗  ⃗ = 5𝑖 + 12𝑗 + 9𝑖 − 2𝑗 

 𝑆𝑅⃗⃗⃗⃗  ⃗ = 14𝑖 + 10𝑗 

 Hence, 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑆𝑅⃗⃗⃗⃗  ⃗ 

 

9b 𝑃𝑆⃗⃗ ⃗⃗  = 𝑂𝑆⃗⃗⃗⃗  ⃗ − 𝑂𝑃⃗⃗⃗⃗  ⃗ 

 𝑃𝑆⃗⃗ ⃗⃗  = (−9𝑖 + 2𝑗) − (−4𝑖 − 5𝑗) 

 𝑃𝑆⃗⃗ ⃗⃗  = −9𝑖 + 2𝑗 + 4𝑖 + 5𝑗 

 𝑃𝑆⃗⃗ ⃗⃗  = −5𝑖 + 7𝑗 
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 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑆⃗⃗ ⃗⃗  = (14𝑖 + 10𝑗) ∙ (−5𝑖 + 7𝑗) 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑆⃗⃗ ⃗⃗  = 14 × (−5) + 10 ×  7 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑆⃗⃗ ⃗⃗  = −70 + 70 = 0 

  

9c 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑆𝑅⃗⃗⃗⃗  ⃗    and 𝑃𝑄⃗⃗ ⃗⃗  ⃗ ∙ 𝑃𝑆⃗⃗ ⃗⃗  = 0 

 This means opposite sides are equal and adjacent sides are 90° with each other. 

 Hence, 𝑃𝑄𝑅𝑆 is a rectangle. 

 

10a 𝑎 = [
5

−2
] and 𝑏 = [

−3
−3

]  

 𝑃𝑟𝑜𝑗 𝑏𝑎 =  
𝑎∙𝑏

𝑏.𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗 𝑏𝑎 =  
5×(−3)+(−2)×(−3)

(−3)×(−3)+(−3)×(−3)
× [

−3
−3

] 

 𝑃𝑟𝑜𝑗 𝑏𝑎 =  −
1

2
× [

−3
−3

] = [ 

3

2
3

2

 ] 

 

10b 𝑎 = 4𝑖 − 𝑗 and 𝑏 = 6𝑖 + 2𝑗  

 𝑃𝑟𝑜𝑗 𝑏𝑎 =  
𝑎∙𝑏

𝑏.𝑏
× 𝑏 

 𝑃𝑟𝑜𝑗 𝑏𝑎 =  
4×6+(−1)×2

6×6+2×2
× (6𝑖 + 2𝑗) 

 𝑃𝑟𝑜𝑗 𝑏𝑎 =  
11

20
× (6𝑖 + 2𝑗) = (

33

10
𝑖 +

11

10
𝑗) 

  

11 𝑎 = [
−8
9

] and 𝑏 = [
3
12

]  

 Length of 𝑃𝑟𝑜𝑗𝑏𝑎 =
𝑎∙𝑏

|𝑏|
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
(−8)×3+9×12

√92+122
 

 𝑃𝑟𝑜𝑗𝑏𝑎 =
84

√153
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12 Let  𝑂 be the origin hence 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = −3𝑖 + 𝑗,  𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 4𝑖 + 8𝑗  and 𝑂𝐶⃗⃗⃗⃗  ⃗ = 2𝑖 − 5𝑗. 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = (4𝑖 + 8𝑗) − (−3𝑖 + 𝑗) 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 4𝑖 + 8𝑗 + 3𝑖 − 𝑗 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 7𝑖 + 7𝑗 

 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ − 𝑂𝐵⃗⃗ ⃗⃗  ⃗ 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = (2𝑖 − 5𝑗) − (4𝑖 + 8𝑗) 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = 2𝑖 − 5𝑗 − 4𝑖 − 8𝑗 

 𝐵𝐶⃗⃗⃗⃗  ⃗ = −2𝑖 − 13𝑗 

  

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ = (7𝑖 + 7𝑗) ∙ (−2𝑖 − 13𝑗) 

 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ = 7 × (−2) + 7 × (−13) = −105 

 Also, 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ = |𝐴𝐵⃗⃗⃗⃗  ⃗||𝐵𝐶⃗⃗⃗⃗  ⃗| cos 𝜃 

 Let 𝜃 be ∠𝐴𝐵𝐶. 

 |𝐴𝐵⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

 |𝐴𝐵⃗⃗⃗⃗  ⃗| = √72 + 72 

 |𝐴𝐵⃗⃗⃗⃗  ⃗| = √49 + 49 = 7√2 

 

 |𝐵𝐶⃗⃗⃗⃗  ⃗| = √𝑥2 + 𝑦2 

 |𝐵𝐶⃗⃗⃗⃗  ⃗| = √(−2)2 + (−13)2 

 |𝐵𝐶⃗⃗⃗⃗  ⃗| = √4 + 169 = √173 

 

 |𝐴𝐵⃗⃗⃗⃗  ⃗||𝐵𝐶⃗⃗⃗⃗  ⃗| cos 𝜃 = 𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐵𝐶⃗⃗⃗⃗  ⃗ 

 7√2 × √173 cos 𝜃 = −105 
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 cos 𝜃 =
−105

7√2×√173
=

−15

18.6
 

 𝜃 ≑ 36° 

 

13a 

   

 

              𝑀𝐴⃗⃗ ⃗⃗ ⃗⃗  =
1

2
𝑂𝐴⃗⃗⃗⃗  ⃗  

 𝑀𝐴⃗⃗ ⃗⃗ ⃗⃗  =
1

2
𝑎 

 

13b 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑏 − 𝑎 

 𝐴𝑁⃗⃗⃗⃗⃗⃗ =
1

2
𝐴𝐵⃗⃗⃗⃗  ⃗  

 𝐴𝑁⃗⃗⃗⃗⃗⃗ =
1

2
(𝑏 − 𝑎) 

 

13c 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ = 𝑀𝐴⃗⃗⃗⃗ ⃗⃗  + 𝐴𝑁⃗⃗⃗⃗⃗⃗  

 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ =
1

2
𝑎 +

1

2
(𝑏 − 𝑎) 

 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ =
1

2
𝑎 +

1

2
𝑏 −

1

2
𝑎 

 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ =
1

2
𝑏 

  

13d 𝑀𝑁⃗⃗⃗⃗⃗⃗  ⃗ =
1

2
𝑏 = 𝑃𝐵⃗⃗⃗⃗  ⃗  

This means a pair of opposite sides are equal and parallel. Hence, 𝑀𝑁𝐵𝑃 is a 

parallelogram. 
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14a 𝑝 = 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝑂𝐴⃗⃗⃗⃗  ⃗ 

 𝑝 = 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑏 − 𝑎 

 

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑂𝐵⃗⃗ ⃗⃗  ⃗ − 𝐵𝑀⃗⃗ ⃗⃗ ⃗⃗   

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑏 −
1

2
(𝑏 − 𝑎) 

 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  = 𝑏 −
1

2
𝑏 +

1

2
𝑎 

 𝑚 = 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗  =
1

2
𝑏 +

1

2
𝑎 =

1

2
(𝑏 + 𝑎) 

  

14b 𝐿𝐻𝑆: |𝑝|
2

+ 4|𝑚|
2
  

 = (𝑏 − 𝑎) ∙ (𝑏 − 𝑎) + 4 (
1

2
(𝑏 + 𝑎) ∙

1

2
(𝑏 + 𝑎)) 

 = 𝑏 ∙ 𝑏 − 𝑏 ∙ 𝑎 − 𝑎 ∙ 𝑏 + 𝑎 ∙ 𝑎 + 4 (
1

4
𝑏 ∙ 𝑏 +

1

4
𝑏 ∙ 𝑎 +

1

4
𝑎 ∙ 𝑏 +

1

4
𝑎 ∙ 𝑎) 

 = 𝑏 ∙ 𝑏 − 𝑏 ∙ 𝑎 − 𝑎 ∙ 𝑏 + 𝑎 ∙ 𝑎 + 𝑏 ∙ 𝑏 + 𝑏 ∙ 𝑎 + 𝑎 ∙ 𝑏 + 𝑎 ∙ 𝑎 

 = 𝑏 ∙ 𝑏 + 𝑎 ∙ 𝑎 + 𝑏 ∙ 𝑏 + 𝑎 ∙ 𝑎 

 = 2(𝑏 ∙ 𝑏 + 𝑎 ∙ 𝑎) 

 = 2 (|𝑏|
2
+ |𝑎|

2
) 

 

15a  

  

 𝑎 ∙ 𝑎 = 𝑐 ∙ 𝑐 
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 |𝑎|
2
= |𝑐|

2
 

 Adjacent sides of a kite (rhombus) are equal. 

 

15b (𝑏 − 𝑎) ∙ (𝑏 − 𝑎) = (𝑏 − 𝑐) ∙ (𝑏 − 𝑐) 

 |𝐴𝐵⃗⃗⃗⃗  ⃗|
2
= |𝐶𝐵⃗⃗⃗⃗  ⃗|

2
 

 Adjacent sides of a kite (rhombus) are equal. 

 

15c 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑂𝐴⃗⃗⃗⃗  ⃗ − 𝑂𝐶⃗⃗⃗⃗  ⃗ 

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑎 − 𝑐 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑂𝐶⃗⃗⃗⃗  ⃗ + 𝐶𝐵⃗⃗⃗⃗  ⃗ 

 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑐 + 𝑏 − 𝑐 = 𝑏 

 𝐴𝐶⃗⃗⃗⃗  ⃗ ∙ 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = (𝑎 − 𝑐) ∙ 𝑏 

 𝐴𝐶⃗⃗⃗⃗  ⃗ ∙ 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑎 ∙ 𝑏 − 𝑐 ∙ 𝑏 

 As, |𝑎|
2
= |𝑐|

2
 

 𝐴𝐶⃗⃗⃗⃗  ⃗ ∙ 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑎 ∙ 𝑏 − 𝑎 ∙ 𝑏 = 0 

 Hence, diagonals of a kite are perpendicular. 

 

16a           𝑎         𝑥 

 𝐴  𝐵 

  𝑏 

 𝐷 𝐶 

 𝑥 

𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗  

 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝑎 + 𝑏 

  

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝐵𝐶⃗⃗⃗⃗  ⃗ − 𝐶𝐷⃗⃗⃗⃗  ⃗ 

 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝑏 − 𝑎 
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 As, 𝐴𝐵𝐶𝐷 is a parallelogram, 𝐴𝐶⃗⃗⃗⃗  ⃗ = 𝐶𝐷⃗⃗⃗⃗  ⃗ = 𝑎 

 

16b (𝑎 + 𝑏) ∙ (𝑎 + 𝑏)  

 = 𝑎 ∙ 𝑎 + 𝑎 ∙ 𝑏 + 𝑏 ∙ 𝑎 + 𝑏 ∙ 𝑏  

 = 𝑎 ∙ 𝑎 + 2𝑎 ∙ 𝑏 + 𝑏 ∙ 𝑏 

 = |𝑎|
2
+ |𝑏|

2
+ 2𝑎 ∙ 𝑏 

 = 𝑥2 + 𝑦2 + 2𝑎 ∙ 𝑏 

  

 (𝑏 − 𝑎) ∙ (𝑏 − 𝑎)  

 = 𝑏 ∙ 𝑏 − 𝑏 ∙ 𝑎 − 𝑎 ∙ 𝑏 + 𝑎 ∙ 𝑎  

 = 𝑎 ∙ 𝑎 − 2𝑎 ∙ 𝑏 + 𝑏 ∙ 𝑏 

 = |𝑎|
2
+ |𝑏|

2
− 2𝑎 ∙ 𝑏 

 = 𝑥2 + 𝑦2 − 2𝑎 ∙ 𝑏 

 

16c if the parallelogram is a rectangle, then 𝑎 ∙ 𝑏 = 0, so the diagonals are equal. 

Conversely, if the diagonals are equal, then 𝑎 ∙ 𝑏 = 0, so the parallelogram is a 

rectangle.  

  

 

17a  

   

 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 37 cos 50° + 37 sin 50° 

 𝑂𝑄⃗⃗⃗⃗⃗⃗ = 23 cos 25° − 23 sin 25° 
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17b 𝑂𝑃⃗⃗ ⃗⃗  ⃗ = 37 cos 50° + 37 sin 50° = 23.78𝑖 + 28.34𝑗 

 𝑂𝑄⃗⃗⃗⃗⃗⃗ = 23 cos 25° − 23 sin 25° = 20.84𝑖 − 9.72𝑗 

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 𝑂𝑃⃗⃗⃗⃗  ⃗ − 𝑂𝑄⃗⃗⃗⃗⃗⃗  

 𝑃𝑄⃗⃗ ⃗⃗  ⃗ = 23.78𝑖 + 28.34𝑗 + 20.84𝑖 − 9.72𝑗 = 44.62𝑖 + 18.62𝑗 

 |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √𝑥2 + 𝑦2 

 |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √44.622 + 18.622 

 |𝑃𝑄⃗⃗ ⃗⃗  ⃗| = √2337.64 = 48.4 N 

  

 (|𝑃𝑄⃗⃗ ⃗⃗  ⃗| cos 𝜃)𝑖 = 44.62𝑖 

 cos 𝜃 =
44.62

48.4
 

 𝜃 = 22.7° 

  

18-20 <Solutions to come>  

 

 


