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Chapter 12 Introduction to Vectors 
Supplementary Notes 

Name: ________________________________ (   )        Class: F.5 _____ 

12.1 Concepts of Vectors 
A. Scalars and Vectors 
 Some quantities can be described by magnitudes (numerical values) alone, such as temperature, 

length and time. These quantities are called __________________. 

 Some quantities have to be described by both magnitude and _____________________, such as 

displacement, velocity and force. These quantities are called ___________________. 

 

 
 
 
 
B. Representation of Vectors 
A vector is represented by a directed line segment.  
 

 

 

 
The figure shows a vector from an ______________ point X to a _______________ point Y. 

This vector can be denoted by XY , u  or u . 

Its magnitude can be denoted by XY , u  or u . 

 
C. Equality of Vectors and Negative Vector 
Two vectors are equal if and only if they have the same ______________________ and the same 
___________________. 
The negative vector of u has the same magnitude but in the opposite direction of u. It is denoted by 
−u . 
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Example 
1 The figure shows a square ABCD. Determine whether the following sentences are correct. 
 (a) AB CD=  
 
 (b) AB AD=  
 

 (c) AB CD=  

 

D. Zero Vector and Unit Vector 
A vector with ___________ magnitude is called a zero vector is denoted by 0 . Zero vectors do not 
have any specified direction. 

A vector with magnitude _____ is called a unit vector, i.e. u  is a unit vector when ____=u  and 

is denoted by û . 
 
12.2 Basic Operations of Vectors 

A. Addition of Vectors 

 

 

 
 
 
 

Definition: 

Triangle Law of Addition      Parallelogram Law of Addition 

 

 

 

 

 

  

AB BC AC+ =          AB AD AC+ =  
 

 

 A  B 

 C  D 

A 

C 

B 

A 
B 

C 

A 
B 

C D 

X AB = 45
,
AB : - I

> /

X
-

-

~ > /

it length of AB , CD

6
D

I I

i

#B = Xc
,
AD = B

y

#B + 55C = Ar



CHAPTER 12   INTRODUCTION TO VECTORS SECONDARY 5 
   

Prepared by KC CHU | 3 

B. Subtraction of Vectors 

 
 
 
 
 
 
 
 Subtraction of Vectors 
 
 

          CB = −a b  
 
 
 
 
Example 
2. In the figure, ABCD is a rectangle. Express each of the following as a single vector. 
 (a) AB BF FD+ +  
 
 
 
 (b) AE CE BC− −  
 
 
 
3. In the figure, ABCE is a parallelogram. Express each of the following as a single vector. 
 (a) AB AE CD+ +  
 
 
 
 (b) CE CA AB− +  
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-

Ac = b
=

AB
+ (- A2)

= AB +A
-> -

- CA + AB
-

= CB

=
= A +E + E
=Ac+B =B

-- ->

= AB + BC + CD
-> -

= Ac + c = AP

->

= + Ec + AB

=T + JE+B

-
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->

- ⑰ + EC
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C. Scalar Multiplication of Vectors and Parallelism 

Definition: 
It is given that a  is a non-zero vector. 
(i) If k > 0, then the direction of ka  is the same as that of a , and the magnitude of ka  is k times 

the magnitude of a . 

 i.e. k k=a a . 

 
 
 
 
(ii) If k < 0, then the direction of ka  is opposite to that of a , and the magnitude of ka  is –k times 

the magnitude of a . 

 i.e. k k= −a a  

 
 
 
 
(iii) If k = 0, then k =a 0 . 
 

(iv) ˆ = aa
a

 is a unit vector which has the same direction as a . 

 
Example 
4. In the figure, express b  and c  in terms of a . 
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Properties of and scalar multiplication of vectors: 

For any vectors a , b  and scalars  ,  , 

(a) ( ) ( ) ( )    = =a a a  

(b) ( )    = a a a  

(c) ( )   = a b a b  
 
Two non-zero vectors a and b are parallel if and only if =b a  for some non-zero scalars  . 
In particular, for three distinct points A, B and C, if BC AB= , then A, B and C are collinear. 
 
 
 
 
 
 
 
Example 
5. In the figure, ABCD is a rectangle. E is a point on AD such that DE = 4AE. Let =CD u  and 

=BD v . Express the following vectors in terms of u  and v . 
 (a) BC  
 
 
 
 
 
 (b) DE  
 
 
 
 
 
 (c) BE  
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1 : 4
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= + (5)
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- -
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-
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-
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--
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6. In the figure, D is the mid-point of OB. C is a point on AB such that AC : CB = 1 : 2. Let =OA a  
and =OB b , express OC  and CD  in terms of a and b. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. In the figure, R is a point on QS such that QR : RS = 3 : 1 and M is the mid-point of AR.  

AP // QS and QS = 3AP. It is given that AP =p  and AQ =q . 

(a) Express AR  in terms of p  and q . 

(b) Express MP  in terms of p  and q . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A 

 C 

 B  O  D 

# = FotoB = - a + 5
1

:

# = -AB = 55 -5 2

of = ot At

= a + 75 - 5
I I

= 5 + 35
o = zoB = In

G=+j = -z -5 + z = 55 -5

I

3
:

(a)S = SAP = 3
= gas =F
# = Na + ak = g + q

(b) AM= Ar = E + f
Mp = MA +AP =

- AF + AP
=- Ig-g + P
=

- TP - Ig
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8. In the figure, ABCD is a rectangle. E is a point on CD such that CE = 4DE. If AD =p  and 

AB =q , express 5 2AE CA+  in terms of p  and q . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. In the figure, D and E are two points on AB and AC respectively such that

1:2:: == ECAEDBAD . Let bAB=  and cAC= . 
 (a) Express DE  in terms of b and c. 
 (b) Hence prove that DE // BC and find DE : BC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 
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B 

 A 

 E 

 D  C 

 B 

I : 4

D = B = F
-

A = AD + DE = F+ ED = j +=
ch = c B +B = - 5)-B =

-F - g
: JAE + 2A = 5 + E - z - 25

= 3 -G

2
: I

2
---

(a) DE = DA + AE ?

== Ab + A I

= - -AB + E

= (5 -5) TE=
(b: = B- #L

-

=
-- + C

-

IDE) = 1521
-

= - b B = EX DE : B2 = 2 : 3
-

= E . DF

:
- B2 11 DE
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D. More About Properties of Vectors 

Let a , b  ne two non-zero and non-parallel vectors, and  ,   be scalars. 

(a) If  + =a b 0 , then 0 = = ; 

(b) Suppose 1 , 2 , 1 , 2  are non-zero scalars. 

If 1 1 2 2   + = +a b a b , then 1 2 =  and 1 2 = . 

 
Example 
10. Let a  and b  be two non-zero vectors which are not parallel to each other. 

If 2=u v , where (5 1) ( 3)k k= − + −u a b  and (5 3 )n n= + +v a b , find the values of k and n. 
 
 
 
 
 
 
11. In the figure, OABC is a parallelogram with aOA=  and cOC= . D is a point on OC such that 

OD : DC = 2 : 1. 
 (a) If AE : ED = 1 : r rEDAE :1: = , express OE  in terms of r, a and c. 
 (b) If OE = sOB, express OE  in terms of s, a and c. 
 (c) Find the values of r and s. 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 

 A  B 

 E 

 C  O  D 

25 = (0 +6n)a + 2nt

n = 25
, 10 + bu = 5k+ zn = k- k= 1

,
n = +

5k- bu = 11k - 2n= 3

(a) of =E = E
I

AT = A + ob = - a + z
&

~

= At = Fat stric
=Athe = a + [Fr + St)

2 :1

( Fr = S
. 3r = S

=Fr
(b) B = otAB = o+= +Y

=r
-of = soB = sa + So

r = =

S= =
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12. It is given that the vectors 2 ( )PQ m= + +a a b  and 3 ( 2)RS m= − + −a b  are parallel, where a 

and b are two non-zero and non-parallel vectors and m is a scalar. Find the values of m. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12.3 More About Operations of Vectors 

A. Position Vectors 

It is given that A is a point on a plane  . If we take any point O on the plane as a reference point, then 

the position A can be represented by the vector OA . Thus OA  is called the position vector of A with 
respect to O. 

 
 

         AB OB OA= − = −b a  

 
 
 

B 

O A  

 

Recall: For non-zero vectors u and v, u is parallel to v if and only if u = kv, where 0k  . 

 It is given that 1 1a b= +u i j  and 2 2a b= +v i j . u  is parallel to v  if  

1 1

2 2

a b
a b

= . 

n = 2 + 35 , = 45 + 55

*

F = 2 + ma + mG

= (m+2)a + mt
V

· PO/Es,
z

m=- 4 = -3m

m2+ 3m - 4 = 0

(m+ 4) (m- 1) = 0

m = -X or I

No + B
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Example 
13. Let A, B, C and D be any four points. Using position vectors with the reference point O, show 

that AC BD AD BC+ = + . 
 
 
 
 
 
B. Division of a Line Segment 

Section Formula for Vectors 
 
 
 
 
 
 

(i) If nmPBAP :: = , then n m
m n
+

=
+

a bp . 

(ii) If P is the mid-point of AB, then 
2
+

=
a bp . 

 
Example 
14. In the figure, B is a point on AD such that AB : BD = 2 : 5 and C is the mid-point of AD. The 

position vectors of A and D with respect to O are a and d respectively. Express each of the 
following in terms of a and d.  
(a) OB  
(b) OC 
(c) BC  

 
 
 
 
 
 
 
 
 
 

 p 
 a 

 A  P  B 

 b 

 O 

 

,B
,
G

,
JT

# + B=+++ =o +T + Bo+ = # +x
- x/

M S N

↑ T

cas ob =

5 + 25

r+ 2

= Ea+ Ed

(b) i =

&= * + Ed
2 =

j

(c) . B = B + c = -B + o

=-E-Ed +z +1

= - T+
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15. In PQR , M is the mid-point of PQ. D is a point on MR such that MD = 2DR. The position 
vectors of P, Q, R, D and M with respect to O are p, q, r, d and m respectively. 

 (a) Express m in terms of p and q. 
 (b) Express d in terms of p, q and r. 
 
 
 
 
 
 
 
 
 
 
 
 
16. In ABC , M is a point on AB such that AM : MB = 2 : 3. N is the mid-point of BC. O is a point 

on AN such that AO : ON = 4 : 3. Let pAB =  and qAC = . 
(a) Express CO  in terms of p and q.  
(b) Are C, O and M collinear? Explain your answer.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MD : DR = 2 :1

R

of,G ,o
,
D ,
o

=D

(a) Ri =
RP + RO I

2

2 I
&

FotoF =
K + op+ R+T

P

I
M

2

- + m =
- + p-+ q (b) pi =<

Pi+ PE
3

2

+ m = - +E po + o5 = = (p+ o) + &(P + oM)
-

-P + I = -Ep + zi - - + im
=F 5 = 5 +/

= + + t +=

C

N
191 IA = -G 8

&

iB=A+B = g + T 4:3/

= = = B = =F - If
A

M
B

⑤ =
3C + 4c

2 : 3

7

= -E + E([P - 2) =E - Eg
(b) i = 3c+2 =

- Eg + =)-y+

= - G
= E . C ,

:
. 20 //CM

,
Co

,
M are collinear ·
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17.  
 
 
 
 
 
 
 
 
 
 

In the figure, aOA=  and bOB= . C and D are two points on the lines AB and OB such that 

rCBAC :1: = , sDBOD :1: =  and tTDAT :1: = . 

 (a) Express the vectors OC and OT  in terms of a, b, r, s and t. 

 (b) Express t in terms of r and s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A 
 C 

 B 
 T 

 O 

 D 

 a 

 b 

1 :
v

I
·

t

1 : S

cas of =
1 . 5 + ra

= Fra+-E
1 + r

: itsB=t

· = 1-5 + ta *
1 + t
= +

x+si++)
(b) =

= 0
,

2
, 7 are collineer.

t I

+t (1+S) (I+t)
-

r

Fr
1+V

* = its

t=s
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12.4 Vectors in the Rectangular Coordinate System 
A. Vectors in a Plane 
 

The two-dimensional vector system consists of two perpendicular 
unit vectors i and j. 
 

 
 
 

If the origin O of the two-dimensional rectangular coordinate plane 
is taken as the reference point for position vectors, then any 
position vector can be expressed in terms of unit vectors i and j. 

(a) OZ x y= +i j  

(b) 2 2OZ x y= +  

(c) 
2 2

sin y
x y

 =
+

 and 
2 2

cos x
x y

 =
+

 

If 1 1OA x y= +i j and 2 2OB x y= +i j , then  

2 1 2 1( ) ( )AB x x y y= − + −i j    and   2 2
2 1 2 1| | ( ) ( )AB  x x y y= − + − . 

Example 
15. Find PQ  in terms of i  and j  for the points P(–6, 2) and Q(–4, –8). 
 
 
 
 
16. Express the position vectors of P and Q in terms of i and j. 
 
 
 
 
 
 
 

 y 

     B 

   x 
 O  A 

 y 

 2 

 1 
 j 

 x 
 1  2  i 

 y 

 2 

 60 
 x  30 

 1 

 P 

 Q 

↑

magnitude = 1

Y

*

My

Fo + oB

-

op = -6 + 25 Pa = (- y +6) + 2-8 -2)) = p + a
->

od = -4- 85 = I-1of
->

o P = 26s6iY + 2 sin6ij
-

= i + 53j
-> ->

T

od = -1 cos3 - 1 sinboj 8

=-EF- [J



CHAPTER 12   INTRODUCTION TO VECTORS SECONDARY 5 
   

Prepared by KC CHU | 14 

17. In the figure, a  is a vector making an angle of 30 with the positive x-axis and 5=|a| . 
 (a) Express a  in terms of i  and j . 

(b) If b  is a vector in the same direction of a  and 6=|b| , express b  in terms of i  and 
j . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

18. It is given that 2 5OA= +i j  and 2 8OB = − +i j.  

 (a) Find the vector AB . 
 (b) Find the unit vector along the direction AB . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

y 

a 

x 30 
O 

Hints for (b): 
Find the unit vector of a . 

Unit vector of =
aa
a

 J

(a) @ = 56sso + 5 sinboj=+ EJ
(b) * x6 = z = 3537 + 35
I

lat

(a)B =
-4 + 35

(b) required rector

AB
-

IAB

-+32

:B

-
= - + 35
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19. It is given that 2 ( 4)= + −a i j  and 3 = +b i j , where   is a scalar. If a and b are parallel, 
find the value of  . 

 
 
 
 
 
 
 
 
 
 
 
 
20. It is given that = +OA i j , 2 3= +OB i j  and 2k= +OC i j .  
 (a) Find AB  and express BC  in terms of k. 
 (b) Find the value of k if A, B and C are collinear. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

i = 2+ 85
=

-4 5 = 35 + 125
39- 12 = 2x

-

- = b

X = 12

19) AB = Fo +B = = + 25
- = 50+ = (k-2) - 5

(b) AB 1/ BC

=
2k - 4 = -1

k = 3
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21. It is given that 3 2= +OA i j  and 7 3= − +OB i j . If P is a point on AB such that  
AP : PB = 1 : 2, find OP . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
22. It is given that 2 5= +a i j  and 10= −b i j. 

 (a) Find −b a . 

 (b) If a vector c is opposite −b a  and 15=c , express c in terms of i and j. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

=p =

1 - A + 2.
B

I
1 +2 P :

2

=-(3 + zj) + 5) -7i + 35) A

=-+ O

to

N
a

(a) 5-a (b)
X (1)

-
= 85 - 6j = 15-5) X 15

15-al

= (82+ 762
= (85 - jj)

=

=12 + 95
= 10
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23. It is given that 6 9= − +u i j  and 3 5= −v i j .  

 (a) Find +u v . 

(b) Find the angle between +u v  and the positive x-axis correct to the nearest 0.1 . 

(c) If a vector p has the same direction as +u v  and 13=p , express p in terms of i and j. 

 
 
 
 
 
 
 
 
 
 
 
 
24. (1, 4)A −  and ( 3, 2)B − −  are two given points. 

 (a) Find AB . 

(b) Find the angle between AB  and the positive x-axis measured in anticlockwise direction. 
(Give your answer correct to the nearest 0.1  ) 

(c) OC  is a vector which is in the direction of AB  and 5OC = . 

Find the coordinates of C. 
 
 
 
 
 
 
 
 
 
 
 
 

(a) n +V = - 3i+ 4) X
al

M

In += 1 = (533+ 4
2

= 5
4
- 10

<b)
required angle = 180: fan

>
>
X

3

= 126 .9.

(1 . 5= (+ )=+ 5

-

OC · = i - 45B =
-3- 2

(a)B = (- 3-135 + (2 - 141)5 #B = A + OB =B-A
=
- 4 + 25 xY

B1 = J F+ 22 = 50 =25510
>

X
(b) required angle = 188-tan

B
= 153 . 4 S

(a) o: x5 = t =2+ 5
A

= C = 1-2 , 1)
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B. Vectors in Space 
 
 
 
 
 
 
 
 
 

(a) The three-dimensional vector system consists of three mutually perpendicular unit vectors i, 

j and k. 
(b) The vector OP with starting point O and terminal point ( , , )P a b c  can be represented in the 

form a b c+ +i j k . 

(c) a, b and c are called the x-component, y-component and z-component of OP. 

(d) If a b c= + +OP i j k , then 2 2 2a b c= + +OP . 

Complete the following table. 

 Coordinates of P OP  OP  

E.g. (1, 2,  2)−  2 2− +i j k  2 2 2(1) ( 2) (2) 3+ − + =  

(a)    

(b)    

(c)    

 
 

If 1 1 1OA a b c= + +i j k  and 2 2 2OB a b c= + +i j k , then  

AB  
 
 
 
 

___________________________________AB =  

 

 z 

 y 

 2 

 1 
 k  j 

 1  1  2 
 2 

 i 

 x 

 z 

 y 

   

 x 

 a 

 b 

 c 

J(jaz+ b 2)2+ ch
&

ba
= Jaz bi+ ch 4

Jab2 N a

(-2
, 3 ,
6) -2+ 35+5 Js-21+ 32+ 62 = 7

(6 ,
-2

,
-9) 662+ 2-2)2+ 2-9) 2 = 11

-

(4 ,
-1 , 8) 6k J42+ 71)2 + 82 = 9

= Fo + oB
-

= oB-OA

= (ar - a,)i+ (br-bi)j + (-c)

J(a2- a, )2+ (br - b ,j+ (22- 4/2

:F TY
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Example 
25. Consider two points (1, 2, 3)A  −  and (4, 1, 0)B   . 

 (a) Find AB . 

 (b) Find the unit vector which has the same direction as AB . 
 
 
 
 
 
 
 
 
 
 
 
 
 
26. Consider two points ( 2,3,1)P −  and (1,0, 5)Q − . 

 (a) PQ . 

 (b) Find the vector RS  which has the same direction as PQ  with 6=RS . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) #B = 35 + 35 - 35

1AB1 =13732+ 32 = 353

(b) 55(37 + 35- 35)

= (35 + 35 + st

=++

191E = ST-3- JE

1P1 = (3+ (3)+ 762 = 35

(b) Es=Xo
= p

= F -j -2
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Let kjip 111 cba ++=  and kjiq 222 cba ++=  be two non-zero vectors. Then 
(i) qp //  if and only if there exists 0m  such that qp m= . 

(ii) qp //  if and only if 
2

1

2

1

2

1

c
c

b
b

a
a

== . 

 
Example 
27. Four points (1, 3, 5)A    , (2, 6, )B   r  , (1, , 2)C  m −   and (2, 5, 8)D     are given. If / /AB CD  , 

find the values of m and r. 
 
 
 
 
 
 
 
28. Three points (5, 2, 7)A   , (2, 1, 3)B    and (8, 3, 11)C    are given. Determine whether A, B and 

C are collinear. 
 
 
 
 
 
 
 
29. It is given that the points (1, 7, )P  m  n− , (0, 2, 5)Q  m  −  and (2, 17, 5 2)R   n−  are collinear. 

Find the values of m and n. 
 
 
 
 
 
 
 
 
 
 
 
 

3 = 5- m r- 5 = 10
# = (2- 1) + (6-3)j+ (- 5)4

m = 2 r = If
= + 3j + 2-5)
- = (2-ki + (5-myj + (8+2)π

= i + 15 - mij + lo

#B =
- 35 -5 - 47 -zB = 52 -X

B2 = 67 +25 + OE

PF = = + (24-mij+ (4n - 2)T
a = zi+ (19 -m)j + (5n -7)

t =

24-m

=19-m

19-m = 48 - zm 5n - 7 = 8n - 4
m = 29 n =

- 1


