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8.1.1 Concept of Dot Products  

 
 
A force F  applies on a car with displacement s  and F  makes an angle θ  with the 
displacement s (as shown in the graph above). 
 
By definition, the work done W is:  
W = Fs cosθ . 
 
The work done equals to the component of the force in the direction of s  multiplied by the 
distance that the car has moved.  
The work done depends on the magnitude and the direction of the two vectors: the force and 
the displacement. 

 
 
 

1 

 
 
A stick was obliquely inserted on the ground, its length was h m and the included angle 
between the stick and the ground was θ. The length of the shadow of the stick is h cosθ  (m). 
 
In this example, we have to find the projection of the stick CD on the ground AB. This kind of 
examples has a close relationship to dot product that will be discussed later. 
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Given that the angle between the two vectors a  and b  is θ.  The dot product of a  and 
b , denoted by ba ⋅ , is defined as θ=⋅ cosbaba . 

 
Dot product is one of the products of two vectors.  
 
To calculate the dot product, we have to find out the angle between the two vectors. 
 
 

2 
Write down the angles between the two vectors. 
1. 

 
2. 

 
 

 
1. AOB∠  
2. Put AOOC =  

BOC∠ (= AOB180 ∠−° ) 
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To find the included angle between the two vectors, we can simply translate the two vectors 
so that they have a common starting point. The angle θ ( °≤θ≤° 1800 ) made by the two 
vectors is the included angle.  

 
 

3 
Given that 5a = , [ [ 4=b  and the angle θ between a  and b  is °60 , find ba ⋅ . 

 

 
θ=⋅ cosbaba  

 = 5(4) cos °60  
 = 10 
 

 
 

4 
Given that 2a = , 3b = , and the angle θ between a  and b  is 150°, find ba ⋅  (correct 

to 3 significant figures). 
 

 
θ=⋅ cosbaba  

 = 2(3) cos150° 
 = –5.20 
 
Let a  and b  be non-zero vectors and the angle between them be θ. 

ba

bacos ⋅
=θ   

This is a commonly used formula for finding the angle between vectors.  
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5 
In △ABC, given that 8AC =  and 5BC = . 

If °=∠ 30ACB , find ACBC ⋅ . 
If 20ACBC =⋅ , find BCA∠ . 

 

 
 

 
1.  ACBC ⋅  
= °⋅ 150cosACBC  

= 






 −
××

2
358  

= − 320  
 
2. θ=⋅ cosACBCACBC  

  

 
ACBC

ACBCcos ⋅
=θ  

     = 
58

20
×

 

    = 0.5 
∴  °=∠ 60BCA  

 
 
 
 



 
 
8. More about Vectors         

8.1 Dot Product of Vectors (Beyond Key Stage 4)                              Page 6 of 22 

 

 

                                     ©2003 All rights reserved. 

θcosb  is the projection of b  on a . 

 
 
The Geometric Meaning of ba ⋅  
 
The dot product of ba ⋅  equals to the product of the magnitude of a ( a ) and the projection 

of b  on a  ( θcosb ). 

 
When θ is an acute angle, the value of θcosb  is positive. 

When θ is an obtuse angle, the value of θcosb  is negative. 

When °=θ 90 , the value of θcosb  is 0. 

 

 
 
 

6 
Given that the projection of b  on a  is 4 and 5a = , find ba ⋅ . 

 

 
θcosb  = 4 

θ=⋅ cosbaba  

 = 5(4) 
 = 20 
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7 
Given that ba ⋅ = 13 and the projection of a  on b  is 4, find 
1. the magnitude of vector b . 
2. the angle between the two vectors, if 8a = . 

 

 
1. 4cosa =θ  

θ=⋅ cosbaba  = 13 

13)4(b =  

4
13b =  

 
2.  4cosa =θ  

  4cos8 =θ  
   θ = 60° 
 
 
 

8.1A 
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θ2 

8.1.2  Operation of Dot Products 
 
Properties of dot products 
 
The operation of a dot product is different from that of real numbers. Below are the laws for 
operations of dot products:  
 
If a , b , c  are vectors and λ is a real number, then 
(1) abba ⋅=⋅  
(2) ( ) ( )baba ⋅λ=⋅λ  

(3) ( ) cbcacba ⋅+⋅=⋅+  
 
Proofs of (1) and (2) may left for exercises. Let us prove (3). 
  
Proof 
 

 
       
Since 211111 cosbcosaBAOAOBcosba θ+θ=+==θ+ , 

so, θθθ coscoscos cbcacba +=+ . 

i.e. ( ) cbcacba ⋅+⋅=⋅+  
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1 
Given that 6a = , 4b =  and the angle between a  and b is °60 , find ( ) ( )b3ab2a −⋅+ . 

 

 
( ) ( )

72
4660cos466

6cos

6

623

32

22

22

22

−=
×−°×−=

−θ−=

−⋅−=

⋅−⋅+⋅−⋅=

−⋅+

bbaa

bbaa

bbabbaaa

baba

  

 
 
 
If a , b  are non-zero vectors. 
1. If ba⊥ , then 0ba =⋅ . 
2. If 0ba =⋅ , then ba⊥ . 
 
 

2 
Given that a  and c , ba +  and c  are perpendicular to each other, prove that b  and c  
are perpendicular to each other. 

 

 
a  and c , ba +  and c are perpendicular to each other. 
∴ 0ca =⋅  
( ) 0cba =⋅+  

 0cbca =⋅+⋅  
 0cb =⋅  
∴ b  and c are perpendicular to each other. 
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3 
Given that 3a = , 4b = , if bka +  and bka −  are perpendicular to each other, find k. 

 

 
bka +  and bka −  are perpendicular to each other 

∴ ( ) ( ) 0bkabka =−⋅+  

( ) ( ) 0bbkaa 2 =⋅−⋅  

   0
2

2
2

=− bka  

0169 2 =− k  

4
3

±=k  

Answer: When 
4
3

±=k , bka +  and bka −  are perpendicular to each other. 

 
 
 
 

4 

21 , ee are unit vectors and the angle between them is °45 . Find ( ) ( )2121 e3eee −⋅+ . 
 

  
  ( ) ( )2121 e3eee −⋅+  

= ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )22122111 e3eeee3eee −⋅+⋅+−⋅+⋅  

= 
2

221

2

1 e3ee2e −⋅−  

= 345cos21 o −−  
= 22 −−  
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When jyixa

rr
11 += , jyixb

rr
22 +=  

( ) ( )jyjxjyixba
rrrr

2211 +⋅+=⋅  
= jjyyijyxjiyxiixx

rrrrrrrr
⋅+⋅+⋅+⋅ 21122121  

= 2121 yyxx +  

∴ 2121 yyxxba +=⋅ . 
 
The dot product of two vectors equals to the sum of the product of their corresponding x and y 
components.  

 

 

 

5 
Given that a = 5 i

r
 + 7 j

r
, b  = –6 i

r
 – 4 j

r
, find ba ⋅ . 

 

 
( ) ( )( ) 584765 −=−+−=⋅ba    

 
 
 

6 
Given that a = 2 i

r
+ 3 j

r
, b = –2 i

r
+ 4 j

r
 and c = – i

r
– j
r

, find the following values 

1. ba ⋅  
2. ( ) ( )baba −⋅+  

3. ( )cba +⋅  
 
 

 
1. ba ⋅  

= (2 i
r

 + 3 j
r

)·(–2 i
r

 + 4 j
r

) 
= 2(–2) + 3(4) 
= –4 + 12 
= 8 

 
1=⋅ ii , 1=⋅ jj , 0=⋅ ji  and 0=⋅ ij . 
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2. ( ) ( )baba −⋅+  

= [(2 i
r

+ 3 j
r

) + (–2 i
r

+ 4 j
r

)] · [(2 i
r

+ 3 j
r

) – (–2 i
r

+ 4 j
r

)] 
= (7 j

r
)·(4 i

r
– j
r

) 
= 7(–1) 
= –7 

 
3. ( )cba +⋅  

= (2 i
r

+ 3 j
r

)·[(–2 i
r

+ 4 j
r

) + (– i
r

– j
r

)] 
= (2 i

r
+ 3 j

r
)·(–3 i

r
 + 3 j

r
) 

= 2(–3) + 3(3) 
= –6 + 9 
= 3 
 

 
 
Given that jyixa

rr
11 += . 

2
1

2
1 yxaa +=⋅  

∴ ( )2
1

2
1 yxa +=  

 
 
 

7 
Find the magnitude of the following vectors. 
1. 3 i

r
+ 4 j

r
 

2. –5 i
r

+ 12 j
r

 
3. –2 i

r
– 2 j

r
 

 

 
1.  25)4(4)3(3)43()43( =+=+⋅+ jiji

rrrr
 

∴ 543 =+ ji
rr

 
 
2.  169)12(12)5)(5()125)(125( =+−−=+−+− jiji

rrrr
 

 ∴ 13125 =+− ji
rr

 
    
3.  8)2)(2()2)(2()22()22( =−−+−−=−−⋅−− jiji

rrrr
 

∴ 2222 =−− ji
rr
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2
2

2
2

2
1

2
1

2121cos
yxyx

yyxx

ba
ba

++

+
=

⋅

⋅
=θ  

 
 

8 
Given that a  = 3 i

r
+ 4 j

r
, b  = –3 i

r
+ 4 j

r
, find the angle between a  and b  (correct to 1 

decimal place). 
 

 
22 43a +=   

= 5 
 

22 4)3(b +−=   

= 5 
 

ba ⋅  = (3 i
r

 + 4 j
r

) · (–3 i
r

 + 4 j
r

) 
 = 3(–3) + 4(4) 
 = –9 + 16 
 = 7 

ba

bacos
⋅

⋅
=θ  

  = 
55

7
×

 

  = 0.28 
°= 7.73θ  
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9 
Given that a  = 2 i

r
– j
r

, b  = 3 i
r

+ 6 j
r

, find the angle between a  and b . 
 

 
22 )1(2a −+=   

= 5  
 

22 63b +=   

= 53  
ba ⋅  = (2 i

r
 – j

r
)·(3 i

r
 + 6 j

r
) 

 = 2(3) – 1(6) 
 = 0 

ba

bacos
⋅

⋅
=θ  

  = 
)53(5

0  

= 0 
θ = 90° 

 
 
 
Given that jyixa

rr
11 += , jyixb

rr
22 +=  

1. If ba ⊥ , then 02121 =+ yyxx . 

2. If 02121 =+ yyxx , then ba ⊥ . 
 
 
 

10 
Given that a  = i

r
– 3 j

r
 and b  = 6 i

r
+ 2 j

r
, prove that ba ⊥ . 

 

 
ba ⋅  = ( i

r
– 3 j

r
) · (6 i

r
+ 2 j

r
) 

  = 1(6) – 3(2) 
  = 6 – 6 
  = 0 
∴ ba⊥  
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11 
Given that A =(1, 2), B =(2, 3) and C =(−2, 5), prove that ΔABC is a right-angled triangle. 

 

 
OAOBAB −=  

 = 2 i
r

+ 3 j
r

– ( i
r

+ 2 j
r

) 
 = 2 i

r
+ 3 j

r
– i
r

– 2 j
r

 
 = i

r
+ j
r

 

OAOCAC −=  
 = –2 i

r
+ 5 j

r
– ( i

r
+ 2 j

r
) 

 = –2 i
r

+ 5 j
r

– i
r

– 2 j
r

 
 = –3 i

r
+ 3 j

r
 

ACAB ⋅  = ( i
r

+ j
r

) · (–3 i
r

+ 3 j
r

) 
  = 1(–3) + 1 (3) 
  = 0 
 
∴ ACAB⊥  
∴ ∆ABC is a right-angled triangle. 
 
 
 

8.1B 
 
 
 
Now, let us summarize the properties of the dot products in a 2-dimentional coordinate 
system. 
 

θ=⋅ cosbaba  

ba

bacos ⋅
=θ  

θcosb  is the projection of vector b  on a . 

 

 
Properties 
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1. abba ⋅=⋅  
 
2. ( ) ( )baba ⋅λ=⋅λ  
 
3. ( ) cbcacba ⋅+⋅=⋅+  
 

4. 
2

aaa =⋅  

5. If ba⊥ , then 0ba =⋅ . 
 
 
6.  Given that jyixa

rr
11 += , jyixb

rr
22 += . 

2121 yyxxba +=⋅  
2

1
2

1 yxaa +=⋅  and ( )2
1

2
1 yxa +=  

2
2

2
2

2
1

2
1

2121

yxyx

yyxx

ba

bacos
++

+
=

⋅

⋅
=θ  

 
7. If ba⊥ , then 02121 =+ yyxx  
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8.1.3 Applications of Dot Products 
 

1 
Given that AB = 4 i

r
+ 2 j

r
, AC= 3 i

r
+ 4 j

r
, 

1. prove that ∆ABC be a right-angled triangle. 
2. find the area of ∆ABC. 
 

 
 
 
 
 
 

 
1. ABACBC −=  
    = (3 i

r
+ 4 j

r
) − (4 i

r
+ 2 j

r
) 

    = − i
r

+ 2 j
r

 

BCAB ⋅  = (4 i
r

+ 2 j
r

)·(− i
r

+ 2 j
r

) 
      = 4(−1) + 2(2) 
      = 4 – 4 
      = 0 

∴∆ABC is a right-angled triangle. 
 
2. Area 

= BCAB
2
1  

= 2222 )2()1(24
2
1

+−×+  

= 520
2
1

×  

= 5 
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8.1.4 Dot Products in 3-D Space 

i
r

 is a unit vector along the x-axis, j
r

 is a unit vector along the y-axis and k
r

 is a unit 
vector along the z-axis (as shown in the graph below). 

Hence, a 3 dimensional vector can be rewritten in terms of i
r

, j
r

 and k
r

. 
 
 

1 
Express the vector in black in terms of i

r
, j
r

 and k
r

. 
1.          2.  

 
1. 4 i

r
+ 2 j

r
+ 3 k

r
 

2. 5 i
r
− 4 j

r
+ 3 k

r
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2 
Evaluate 
1. (4 i

r
+ 3 j

r
– k
r

) ⋅ j
r

 
2. ( i

r
+ 3 j

r
+ 2 k

r
) ⋅ k
r

 
3. i

r
⋅ ( i
r

+ 2 j
r

– k
r

) 
4. j

r
⋅ (2 i

r
– j
r

+ 4 k
r

) 
 

 
1.    (4 i

r
+ 3 j

r
– k
r

) ⋅ j
r

 
 = 4 i

r
⋅ j
r

+ 3 j
r
⋅ j
r

– k
r
⋅ j
r

 
 = 4(0) + 3 – 0 
 = 3 
 
2.    ( i

r
+ 3 j

r
+ 2 k

r
) ⋅ k
r

 
 = i

r
⋅ k
r

+ 3 j
r
⋅ k
r

+ 2 k
r
⋅ k
r

 
 = 0 + 3(0) + 2 
 = 2 
 
3.     i

r
⋅ ( i
r

+ 2 j
r

– k
r

) 
 = i

r
⋅ i
r

+ 2 i
r
⋅ j
r

– i
r
⋅ k
r

 
 = 1 + 2(0) – 0 
 = 1 
 
4.     j

r
⋅ (2 i

r
– j
r

+ 4 k
r

) 
 = 2 j

r
⋅ i
r

– j
r
⋅ j
r

+ 4 j
r
⋅ k
r

 
 = 2(0) – 1 + 4(0) 
 = –1 
 
 
If kzjyixa

rrr
111 ++=  and kzjyixb

rrr
222 ++= , 

then 212121 zzyyxxba ++=⋅ . 

 
1=⋅ ii , 1=⋅ jj , 1=⋅ kk  

0=⋅ ji  and 0=⋅ ij , 0=⋅ kj  and 0=⋅ jk , 0=⋅ ik  and 0=⋅ ki . 
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3 
Given that a = i

r
– 2 j

r
+ 4 k

r
, b = 4 i

r
+ 5 j

r
– 2 k

r
, find ba ⋅ . 

 

 
ba ⋅ = ( i

r
– 2 j

r
+ 4 k

r
) ⋅ (4 i

r
+ 5 j

r
– 2 k

r
) 

 = 1(4) + (–2)(5) + 4(–2) 
 = 4 – 10 – 8 
 = –14 
 
 
 

4 
Given that a = 3 i

r
– j
r

– 2 k
r

, b  = 4 i
r

+ 6 j
r

+ (m + 2) k
r

 and ba ⋅ = 8, find the value of m. 
 

 
(3 i
r

– j
r

– 2 k
r

)⋅[ 4 i
r

+ 6 j
r

+ (m + 2) k
r

] = 8 
3(4) – 1(6) – 2(m + 2) = 8 
12 – 6 – 2m – 4 = 8 
2 – 2m = 8 
2m = –6 
m = –3 
 
 
 

aaa ⋅=  

 
 

5 
Using the above result, find: 
1. kji

rrr
++ 23  

2. kji
rrr

2++−  

3. kji
rrr

43 +−−  

 

 
1.    (3 i

r
+ 2 j

r
+ k
r

)⋅(3 i
r

+ 2 j
r

+ k
r

) 
 = 3(3) + 2(2) + 1(1) 
 = 9 + 4 + 1 
 = 14 

∴ 1423 =++ kji
rrr
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2.    (– i
r

+ j
r

+ 2 k
r

)⋅( – i
r

+ j
r

+ 2 k
r

) 
 = (–1)(–1) + 1(1) + 2(2) 
 = 1 + 1 + 4 
 = 6 
 ∴ 62 =++− kji

rrr
 

 
 
3.    (– i

r
 – 3 j

r
 + 4 k

r
)⋅( – i

r
 – 3 j

r
 + 4 k

r
) 

 = (–1)(–1) + (–3)(–3) + 4(4) 
 = 1 + 9 + 16 
 = 26 
 ∴ 2643 =+−− kji

rrr
 

 
 

8.1C 
 
 
Given kzjyixa

rrr
111 ++=  and kzjyixb

rrr
222 ++= . If θ is the included angle between the 

two vectors a  and b , then   

2
2

2
2

2
2

2
1

2
1

2
1

212121cos
zyxzyx

zzyyxx

ba
ba

++++

++
=

⋅

⋅
=θ . 

 
 
 

6 
Given that a  = 2 i

r
+ 3 j

r
+ k
r

, b = i
r

+ 3 j
r

– 2 k
r

, find the angle between a  and b  (correct 
to 3 significant figures). 

 

 
14132a 222 =++=  

14)2(31b 222 =−++=  

ba ⋅  = (2 i
r

 + 3 j
r

 + k
r

)( i
r

 + 3 j
r

– 2 k
r

) 
  = 2(1) + 3(3) + 1(–2) 
     = 2 + 9 – 2 
  = 9 

ba

bacos
⋅

⋅
=θ  
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= 
1414

9  

  = 
14
9  

θ = 50.0° 
 
 
Let a  and b  be non-zero vectors. 
1. If ba⊥ , then 0ba =⋅ . 
2. If 0ba =⋅ , then ba⊥ . 
 

 
7 

Given that a = 4 i
r

+ 3 j
r

+ 5 k
r

, b = i
r

+ 2 j
r
− 2 k

r
, prove that a ⊥b . 

 

 
ba ⋅ = (4 i

r
 + 3 j

r
 + 5 k

r
)( i
r

+ 2 j
r

 − 2 k
r

) 
 = 4(1) + 3(2) + 5(−2) 
 = 4 + 6 – 10 
 = 0 
∴ a ⊥ b  
 
 

8 
Given that a = 4 i

r
+ 3 j

r
+ mk

r
, b = 2 i

r
– 4 j

r
+ 2 k

r
 and a ⊥ b , find the value of m. 

 

 
Since a ⊥ b  
∴ (4 i

r
 + 3 j

r
 + mk

r
) ⋅ (2 i

r
 – 4 j

r
 + 2 k

r
) = 0 

 4(2) + 3(–4) + m(2) = 0 
 8 – 12 + 2m = 0 
 m = 2 

 
 

 8.1D 
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8.1A 
1.  Given that 6a = , 7b = and the included angle of the vectors = 45°. Find ba ⋅ . 

2.  Given that 5b = , the projection of a  on b  is 3.5. Find ba ⋅ . 

3.  Given that ba ⋅  = – 15, 10a = , 6b = . Find the included angle of the vectors. 

4.  Given that 12a = , 9b = . If 54ba =⋅ . Find the included angle of a  and b . 

5. Given that 3b = , the projection of a  on b  is b5.0 . Find ba ⋅ . 

6. Given that 6a =  and e  is a unit vector. The included angle between them is °45 . Find 

the projection of a  on e. 
 

 

1. θ=⋅ cosbaba  = 6(7)cos45° = 221 （or 29.70） 

2. θ=⋅ cosbaba  = b (The projection of a  on b ) = 5(3.5) = 17.5 

3.  

θ=⋅ cosbaba  

∴ –15 = 10(6)cosθ 
cos θ = –0.25 
θ = 104.5° 

4.  

θ=⋅ cosbaba  

∴ 54 = 12(9)cosθ 
cos θ = 0.5 
θ = 60° 

5.  

The projection of a  on b  = b5.0  = 0.5(3) = 1.5 

ba ⋅  = b (The projection of a  on b ) = 3(1.5) = 4.5 
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6.  

ea ⋅  = θcosea  = e ( The projection of a  on b ) 

(6)(1)cos 45° = (1) (The projection of a  on b ) 

The projection of a  on e = 23 （4.24）） 

 

8.1B 
1. 21 e,e are unit vectors and the included angle is °60 . Find ( ) ( )2121 e2e3ee2 +−⋅− . 

2. 4a = , 3b =  and ( ) ( ) 61ba2b3a2 =+⋅− . Find the included angle of a  and b . 

3. Given a  = 2 i
r

 – 3 j
r
，b  = 4 i

r
 + 5 j

r
. Find  

 (1) a . 

  (2) b . 

  (3) the included angle of a  and b . 

4. a  = 3 i
r

 + 4 j
r

, b  = (x – 1) i
r

 + (3x – 2) j
r

 and b⊥ a . Find x. 

5. Given a right-angled triangle ABC, AB  = 2 i
r

+ 3 j
r

, AC = i
r

+ m j
r

 and °=∠ 90A .  

Find the value of m. 
 
 

 

1) Q 21 e,e are unit vectors,  

∴ 1e  = 2e  = 1 

(2 1e – 2e ) ⋅ (−3 1e  + 2 2e ) 

= ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )22211211 222332 eeeeeeee ⋅−+⋅+−⋅−+−⋅  

= −6
2

1e + 3 1e 2e cos60o + 4 1e 2e cos60o – 2
2

2e  
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= −6 + 7cos60o – 2 

= 
2
9

−  

 

2) Let the angle between a  and b be θ。 

(2 ar– 3b
r

) ⋅ (2 ar+b
r

) = 61 
(2 ar ) ⋅ (2 ar ) – (3b

r
) ⋅ (2 ar ) + (2 ar ) ⋅ ( b

r
) – (3b

r
) ⋅ (b

r
) = 61 

4 2ar – 6 ab cosθ  + 2 ba cosθ  − 3 2b = 61 

4(4)2 – 4 ba cosθ  − 3(3)2 = 61 

64 – 4(3)(4)cosθ  − 27 = 61 

cosθ  = 
2
1

−  

θ  = 120o 
 
 

3)  (1) 2ar  = 
2

32 ji
rr

− = 22 + (−3)2 = 13 

ar  = 13  

(2) 2b  = 
2

54 ji
rr

+  = 42 + 52 = 41 

   b
r

 = 41  

(3) Let the included angle of a  and b beθ。 

cosθ  

= 
ba

ba
rr
⋅  

4113
)5)(3()4)(2( −+

=  

= −0.303 
∴θ = 107.7° 

4) 
Since b⊥ a , a  ⋅ b =0 
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(3 i
r

 + 4 j
r

) ⋅ [(x – 1) i
r

 + (3x – 2) j
r

] = 0 

3(x – 1) + 4(3x – 2) = 0 
3x – 3 + 12x – 8 = 0 

∴ 
15
11

=x  

 
5) 

°=∠ 90A ,  AB⊥AC. 

(2 i
r

 + 3 j
r

) ⋅ ( i
r

 + m j
r

) = 0 

2 + 3m = 0 

∴ 
3
2

−=m  
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8.1C 
1. Find the dot product of the following vectors. 

(1) a  = 2 i
r

+ j
r

+ 4 k
r

 and b  = i
r

– 3 j
r

+ 2 k
r

 

(2) a  = i
r

+ 2 j
r

+ k
r

 and b  = 6 i
r

+ 2 j
r

– 2 k
r

 

(3) a  = 3 i
r

– j
r

+ 2 k
r

 and b  = i
r

+ 5 j
r

+ 3 k
r

 

(4) a  = i
r

+ 4 j
r

+ 4 k
r

 and b  = 7 i
r

+ j
r

– 4 k
r

 

(5) a  = 9 i
r

+ 5 j
r

+ k
r

 and b  = –3 i
r

+ 2 j
r

+ 7 k
r

 

 
2. Find the magnitude of the following vectors. 

(1) 2 i
r

+ 2 j
r

– k
r

 

(2) i
r

+ 5 j
r

– 2 k
r

 

(3) 2 i
r

+ 3 j
r

– 2 k
r

 

(4) 4 i
r

+ 3 j
r

– k
r

 

(5) 4 i
r

+ 7 j
r

– 4 k
r

 

 

 
1) 

(1)   ba
r
⋅  

= (2 i
r

+ j
r

+ 4 k
r

) ⋅ ( i
r

– 3 j
r

+ 2 k
r

) 

= 2(1) + 1(−3) + 4(2) 
= 7 

 
(2)   ba

r
⋅   

= ( i
r

+ 2 j
r

+ k
r

) ⋅ (6 i
r

+ 2 j
r

– 2 k
r

) 
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= 1(6) + 2(2) + 1(−2) 
= 8 

 
(3)   ba

r
⋅   

= (3 i
r

– j
r

+ 2 k
r

) ⋅ ( i
r

+ 5 j
r

+ 3 k
r

) 

= (3)(1) + (−1)(5) + 2(3) 
= 4 

 
(4)   ba

r
⋅   

= ( i
r

+ 4 j
r

+ 4 k
r

) ⋅ (7 i
r

+ j
r

– 4 k
r

) 

= 1(7) + 4(1) +4(−4) 
= −5 

 
(5)   ba

r
⋅   

= (9 i
r

+ 5 j
r

+ k
r

) ⋅ (−3 i
r

+ 2 j
r

+ 7 k
r

) 

= 9(−3) + 5(2) + 1(7) 
= −10 

 
 
2) 

(1)  |2 i
r

 + 2 j
r

 – k
r

| = 222 )1(22 −++  = 3 

 

(2)  | i
r

 + 5 j
r

 – 2 k
r

| = 222 )2(51 −++ = 30  

 

(3)  |2 i
r

 + 3 j
r

 – 2 k
r

| = 222 )2(32 −++  = 17  

 

(4)  |4 i
r

 + 3 j
r

 – k
r

| = 222 )1(34 −++ = 26  

 

(5)  |4 i
r

 + 7 j
r

 – 4 k
r

| = 222 )4(74 −++ = 9 
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8.1D 
1. Given that a = i

r
+ 7 j

r
+ 3 k

r
 and b = i

r
+ j
r

– 6 k
r

. Find the included angle of a  and b  

(correct to 3 significant figures). 

2. Given that a = 3 i
r

– j
r

+ 4 k
r

 and b = –2 i
r

+ j
r

+ 3 k
r

. Find the included angle of a and b  

(correct to 3 significant figures). 

3. Given that a = 5 i
r

+ 2 j
r

+ 3 k
r

 and b = 2 i
r

+ j
r

– 4 k
r

. Prove a ⊥ b . 

4. Given that a = i
r

– 3 j
r

+ 2 k
r

 and b = –2 i
r

+ m j
r

+ 7 k
r

 and a ⊥ b . Find the value of m. 

5. Given that a = 3 i
r

+ j
r

– 4 k
r

 and b = 7 i
r

+ (m – 2) j
r

+ 6 k
r

 and a ⊥ b . Find the value of 

m. 
 

 
1.  

59371a 222 =++=  

38)6(11b 222 =−++=  

ba ⋅  = ( i
r

 + 7 j
r

 + 3 k
r

) ⋅ ( i
r

 + j
r

 – 6 k
r

) = 1(1) + (7)(1) + 3(−6) = −10 

θ=⋅ cosbaba  

−10 = θcos)38)(59(  

θ =102° 
 
2.  

264)1(3a 222 =+−+=  

1431)2(b 222 =++−=  

ba ⋅  = (3 i
r

– j
r

+ 4 k
r

) ⋅ (–2 i
r

+ j
r

+ 3 k
r

) = 3(−2) + (−1)(1) + 4(3) = 5 
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θ=⋅ cosbaba  

5 = θcos)14)(26(  

θ = 74.8° 
 
3. 

ba ⋅  = (5 i
r

+ 2 j
r

+ 3 k
r

) ⋅ (2 i
r

+ j
r

– 4 k
r

) = 5(2) + 2(1) + 3(−4) = 0 

∴ a ⊥ b  

 
4.  

∵ a ⊥ b  

∴ ba ⋅  = 0 

( i
r

– 3 j
r

+ 2 k
r

) ⋅ (–2 i
r

+ m j
r

+ 7 k
r

) = 0 

1(−2) + (−3)m + 2(7) = 0 
12 – 3m = 0 
m = 4 

 
5.  

∵ a ⊥ b  

∴ ba ⋅  = 0 

(3 i
r

+ j
r

– 4 k
r

) ⋅ [7 i
r

+ (m – 2) j
r

+ 6 k
r

] = 0 

3(7) + 1(m − 2) +(−4)(6) = 0 
21 + m – 2 − 24 = 0 
m = 5 

 
 
 


