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7.2.1  Addition of Vectors 
 
Addition and subtraction can be carried out on both real numbers and vectors. It is better to 
learn the addition and subtraction of vectors by going through the following examples. 
 

1 
If a person travelled from places A to B and then to C in the same direction, the diagram 
should be as displayed as follows: 
 
 
 
 
Therefore, the route from A to C can be shown as: 
 
    A               C 
 
The addition of 2 vectors can be expressed as: 

BCABAC +=   
 
 

2 
If an aeroplane flies from places A to B, then changes its direction and flies to C. The route 
from A to C can be shown as: 
 
AC  
 
 
 
 
 
and BCABAC += . 
 
 

A B 

C 

A B C 
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3 
 
The velocity of the ship is AB  while the velocity of water is BC . So, what is the resultant 
velocity of the ship? 
 
 
 
 
 
 

 
The resultant velocity of the ship = BCAB + . 
 
 
 
 
Triangle Law of Addition 
 
Given vectors a  and b , the sum of vectors a  and b  is ba + . 
 
 
 
 
 
 
 
 
This method is known as Triangle Law of Addition.  
 
If b  is translated so that its initial point coincides with the terminal point of a , then the 
vector formed by joining the initial point of a  to the terminal point of b  will be ba + . 
 
For a triangle with vertices A, B and C, if the vector aAB = , bBC = , then 

ACBCABba =+=+ . 

 

b  

a  

ba +  

C 

A 

B 

A 

B C 

b

a

ba +
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1 
Simplify 

CBAC + . 
OBAO + . 

 
 
 
 
 
 
 
 
 

 
1. ABCBAC =+  
2. ABOBAO =+  
 
 
 

2 
Simplify 
1. BCAB+ . 
2. DCAD + . 
 
 
 
 
 
 

 
1. ACBCAB =+  
2. ACDCAD =+  
 
 

 7.2A 
 
 

A B 

O C 

C D 

A 

B 
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Parallelogram Law of Addition 
 
Besides the Triangle Law of Addition, there is another addition law: Parallelogram Law of 
Addition. This Law can be illustrated as follows: 
 
We can draw a parallelogram with a  and b  as its sides and the diagonal of this 
parallelogram is the vector ba + . 
 
 
 
 
 
 
 
 
 
 

3 
C and F are the midpoints of BD and AE of the parallelogram ABDE. Simplify 
 
1. AFAB+  
2. AEAB+  
3. FEFC +  
4. DBDE +  
 
 

 
1. AC 
2. AD  
3. FD  
4. DA  
 
 
 

a  

a  

b  
b  

ba +  

A B 

C 

D E 

F 
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4 
A ship travels in the direction perpendicular to the opposite coast at the speed of 32 km/h, 
the speed of water is 2 km/h. Find the resultant speed and direction of the ship. 
 

 
Let AD  be the velocity of the ship and AB  be the velocity of water. 
AD and AB are the sides of the parallelogram. 
 
 
 
 
 
 
 
 
 
 
The resultant velocity of the ship = ADABAC +=  
 
In the right-angled triangle ABC, 
AB = 2 km/h 

32=BC km/h 

22
BCABAC +=  

    ( )22 322 +=  
    = 4 

∵ 3
2

32tan ==∠CAB  

∴ °=∠ 60CAB  
 
Therefore, the resultant speed of the ship is 4km/h which makes an angle 60° with the 
direction of the water. 

D C 

A B 
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Commutative Law and Associative Law 
 
Commutative Law 
 
Given a parallelogram ABCD, aAB = , bAD = ; then bBC = , aDC = . 
 
∵ baBCABAC +=+=  
   abDCADAC +=+=  
 
∴ abba +=+  
 
 
 
 
 
 
 
 
 

abba +=+  is known as commutative law. 
 
 
Associative Law 
 
If we resolve the vector ( ) cba ++  using the vector diagram, we will come up with the 
following diagram: 
           
 
         
 
      
 
 
 
 
And if we resolve the vector ( )cba ++ , we will get the same result as shown below : 
                   
 
      
 
 
 
 
 
From the above explanation, we know: 
( ) ( )cbacba ++=++  is known as commutative law. 

D C 

A B 

a  

a  

b  
b  

ba +  

b
r

 

cr  

ar  
ba
rr

+  

b
r

 

cr  
 

ar

 
cba rrr

++ )(  
 
 

Step 1 Step 2 

ar  

b
r

 

cr  

)( cba rrr
++  

ar

b
r

cr  Step 1 Step 2 

cb rr
+  
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5 
Simplify cba ++ . 

 
 

 
  cba ++  
= )( cba ++  

= )( bca ++  

= b)ca( ++  

= CDAC +  
= AD  
 
 
 

6 
Simplify BCCEEFAB +++ . 
 

 
 BCCEEFAB +++  
= )( CEBCEFAB +++  

= BEEFAB ++  
= )( EFBEAB ++  

= BFAB +  
= AF  
 

 7.2B 
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7.2.2  Subtraction of Vector 
 

Negative Vector 
 
Definition 
Vector with the same magnitude but opposite in direction of a  is known as the negative 
vector of a . We mark it as a− . 
 

1 
In a parallelogram ABCD, aAB =  and bAD = , determine whether the following equations 
are correct or not. 

 
 
1. aBA −=  
2. bCB =  
3. aCD −=  
4. bBC =  
 

 
1. aBA −=  Correct 
2. bCB =  Incorrect ( bCB −= ) 
3. aCD −=  Correct 
4. bBC =    Correct 
 
 
Properties 
(1) ( ) aa =−−  

(2) ( ) ( ) 0=+−=−+ aaaa  
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2 
For a parallelogram ABCD with aAB =  and bAD = , express the following expressions in 
terms of a  and b . 

 
1. CDAB +  
2. DCCBBA ++  

 

 
1.    CDAB +  
 = ( )aa −+  

 = 0  
 
2.    DCCBBA ++  
 = ( ) aba +−+−  

 = b−  
 
 

3 
For parallelogram ABCD with aAB =  and bAD = , express CA  and BD  in terms of a  
and b . 
 
 
 
 
 
 

 
By the parallelogram law of addition: 
∵ baADABAC +=+=  
∴ )( baACCA +−=−=  
 
∵ baADABDB −=−=  
∴ )( baDBBD −−=−=  

A B

D
C

a  

b
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Subtraction 
 
Vector a  plus the negative vector of b  is known as the difference of a  and b , written as: 

( )baba −+=− . 

 
 
 

4 
With reference to the diagram, simplify 
1. ADAB −  
2. CDCBAD −+  
 
 
 

 
1.  ADAB −  
 = )( ADAB −+  

 = DAAB +  
 = ABDA+  
 = DB  
 
2.  CDCBAD −+  
 = )( CDCBAD −++  

 = DCCBAD ++  
 = CBDCAD ++  
 = CBAC +  
 = AB  
 
 
 

A B

C D
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5 
Simplify the following expressions 
1. OBOPPB −+  
2. COOCOAOB −−−  
 
 

 
1. 

OBOPPB −+  
= ( )OBPBOP −++  

= BOOB +  
= 0  
 
2.  
  COOCOAOB −−−  
= ( ) ( )COOCOAOB +−−+  

= 0−+ AOOB  
= AB  
 
 

 7.2C 
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7.2.3  Scalar Product 

The operation of scalar product 
 
Given vector a  ( 0

r
≠a ), what is aaa ++ ? 

 
 
 
 

aaaBCABOAOC ++=++=  
 
The direction of OC  is the same as a  and its magnitude is three times of a . 
 
Therefore, aaa ++  is written as 3 a . 
 
 
Similarly, what is ( ) ( ) ( )aaa −+−+− ? 
 
 
 
 

( ) ( ) ( )aaaMNQMPQPN −+−+−=++=  
 
( ) ( ) ( )aaa −+−+−  is written as ( ) aa 33 −=− , 

then aPN 3−= . 
 
The direction of a3−  is opposite to a  and its magnitude is three times of a . 
 
That is aa 33 =− . 

 
Definition 
 
The product of a real number λ and a vector a  is a vector, which is written as λa , and: 
 (1) aa λλ =  

 (2) When 0>λ , the direction of λa  and a  are the same; 
When 0<λ , the direction of λa  and a  are opposite; 
When 0=λ , λ 0

v
=a . 

 
 

a  a  a  a

CB A O

PQ M N 

a  - a- a  - a  
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1 
In parallelogram ABDE, F, M, C and P are the midpoints of AE, AB, BD and DE respectively, 

aAM =  and bAF = . Express the following vectors in terms of a  and b . 
1. AN  
2. AC  
3. BF  
4. DF  
 
 
 

 
 
1.     AN  
 = MNAM +  
 = ba +  
 
2.   AC  
 = BCAB +  
 = BCAM +2  
 = ba +2  
 
3.    BF  
 = AFBA +  
 = AFAB +−  
 = AFAM +− 2  
 = ba +− 2  
 
4.    DF  
 = CFDC +  
 = BAFA+  

= ABAF −−  
 = ab 2−−  
 
Two vectors are treated as equal when the magnitude and direction of two vectors are the 
same, regardless of their initial points. Therefore, in the fourth part of the example above, we 
can put “ FADC = ”.  This kind of vector is called free vector. 
 

A B

C 

D E

F

M 

N 

P 

b
 

a
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Properties 
( ) ( ) ( )aaa λµλµµλ ==  

( ) aaa µλµλ +=+  

( ) baba λλλ +=+  
λ, µ are real numbers. 
 
 

2 
Simplify the following expressions: 
1. ( )a43×−  

2. ( ) ( ) ababa −−−+ 23  

3. ( ) ( )cbacba +−−−+ 2332  
 

 
1. ( )a43×−  = ( )a43×−  = a12−  
 
2.    ( ) ( ) ababa −−−+ 23  

= ababa −+−+ 2233  
= bbaaa 2323 ++−−  
= ( ) ( )ba 23123 ++−−  

= b5  
 
3.   ( ) ( )cbacba +−−−+ 2332  

= cbacba −+−−+ 2332  
= ccbbaa −−++− 2332  
= ( ) ( ) ( )cba 112332 +−++−  

= cba 25 −+−  
 
 

 7.2D 
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The Conditions for Three Points to be Collinear 
 
If BCAB λ=  ( 0≠AB ) where λ is a real number, then A, B and C are collinear. 
 
On the other hand, given A, B and C are collinear, there is a real number λ such that 

BCAB λ= . 
 
 

3 
Given a straight line ABC with BC = 2AB, aAB = , bBD =  and bCE 3= . Are A, D and E 
collinear? 
 
 
 
 

 
aABBC 22 ==  

BCABAC +=  
= aa 2+  
= a3  

 
CEACAE +=  

= ba 33 +  
 = ( )ba +3  

 = AD3  
 
∴ A, D and E are collinear. 
 
 

A B C

D

E

a

b

2 a

3b
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4 
ABAD 3= , BCDE 3= .  Prove that A, C and E are collinear. 

 

 
DEADAE +=  

= BCAB 33 +  
= ( )BCAB +3  

= AC3  
 
∴ A, C and E are collinear. 
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Equal Vectors 
 

5 
 
 
 
 
 
 
 
 
Which of the two vectors above are equal? 
 

 
ca =  

When the two vectors are equal in direction and magnitude, the two vectors are equal.  
Therefore, a and c  are equal. 
 
 

6 
Find the value of k such that 
1. aka =3  
2. bkbk )6()23( +=−  
 

 
1.  aka =3  
    03 =− aka  
    0)3( =− ak  
 3 – k = 0 
 k = 3 
2.  bkbk )6()23( +=−  

3k – 2 = 6 + k 
3k – k = 6 + 2 

2k = 8 
k = 4 

 
 
If a  and b  are not parallel and ba = , then 0== ba . 
In conclusion, if the two vectors are not parallel but equal, then the two vectors are zero 
vectors. 
 
 

ar b
v cr d

r
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7 
Given vectors a  and b  are not parallel, banbma 3)1()2(4 −+=−+ , find the value of m 
and n. 
 

 
  banbma 3)1()2(4 −+=−+  

 bbmana 3)2()1(4 −−−=+−  

 ( ) ( )bman 3)2()1(4 −−=+−  

∵  a  and b  are not parallel. 
∴ 4 – (n + 1) = 0 and (2 – m) – 3 = 0 

4 = n + 1 and 2 – m = 3 
 n = 3 and m = –1 
 
 
 

8 
1. Given vectors 1e  and 2e  are not parallel, 212 ekeAB += , 21 3eeCB +=  and  

212 eeCD −= .  If A, B and D are collinear, find the value of k. 

 

 
∵ CBCDBD −=  
( ) ( )2121 32 eeee +−−=  

21 4ee −=  
∵ A, B and D are collinear. 
∴ AB  and BD  are parallel. 
 
Let BDAB λ= . 

2121 42 eeeke λλ −=+  

∴  




−=
=

λ
λ
4

2
k

 

 8−=k  
 
Therefore, when A, B and D are collinear, the value of k is 8− . 
 
 
 

 7.2E 
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7.2.4   The Resolution of Vectors 
 
Given parallelogram ABCD, 
 
 
 
 
 
 
 
by using the parallelogram law of addition, we get ADACAB += . 
 
Thus, a vector can be rewritten as the sum of two vectors. This is known as the resolution of 
vectors. In the above example, we can say that AB  is resolved into AC  and AD . 
 
 

1 
Given parallelogram ABCD, E is the midpoint of AC, resolve vector AE . 
 
 
 
 
 
 
 
 
 

 
Based on the given information, vector AE  can be resolved into: 

ACAE
2
1

=  

( )ADABAE +=
2
1  

 

A 

B

C

D 

A 

C

B

D 
E 
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As a matter of fact, a vector can be resolved into infinite numbers of components. As the 
figure shown below, the vector in red can be resolved in many different ways. 
 
 
 
 
 
 
 
 
 
In general, we may say that a vector can be resolved into the addition of the multiples of two 
vectors, i.e. bnamu += . 
 

 
2 

Resolve the vectors into a  and b . 
Figure 1        
 
 
 
 
 
 
Figure 2 
 
 
 
 
 
 
Figure 3 
 
 
 
 
 

 
b2a3u +=  
b2a4v −=  

b3a2w +−=  
 

vr  

wr  

ur  

ar
b
r

u

ar
b
r

v

ar
b
r

w
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7.2.5  Vector Operation in Rectangular Coordinates 

The coordinates of two dimensional (2-D) vectors 
 

Vector i
r

 and j
r

 are the unit vectors along x-axis and y-axis respectively. 
 
The magnitudes of i

r
 and j

r
 are one and they are called unit base vector. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thus, vector a  can be written as: 
a = jaia

rr
21 + . 

 
Besides using symbols ‘→’ over the alphabet like a , vectors can be denoted by bold letters 
such as a, b, c. 
 

y 

x
0 1a

2a
ar

 

x

y

1

1 

0 i
r

j
r
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Position Vector 
 
The coordinate of P is (2, 3). OP  is known as the position vector of P. 
 

 
 
 
OP = 2 i

r
+ 3 j

r
. 

 
 

1 
Write down the position vectors of P, Q, R and S. 

 
 

 
jiOP
rr

4+=  

jiOQ
rr

35 −=  

jiOR
rr

43 +−=  

jiOS
rr

−−= 2  
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2 
Given A(0,4), B(−3,6) and C(4,5), write down the position vector of these three points. 
 

 
jOA
r

4= ; jiOB
rr

63 +−= ; jiOC
rr

54 +=  
 
 
 
 

3 
Express a , b , c  and d  in terms of i

r
 and j

r
. 

 

 

 
a = 2 i

r
+ 3 j

r
 

b = –2 i
r

+ 3 j
r

 

c = –2 i
r

– 3 j
r

 

d = 2 i
r

– 3 j
r
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4 
Express the following vectors in terms of i

r
 and j

r
. 

 
 
 
 
 
 
 
 
 
 
 

 
OA = 3 i

r
+ 3 j

r
, OB = −3 i

r
+ 4 j

r
, OC = 3 i

r
 and OD = – 4 j

r
. 

 
 

-4
-3
-2
-1

1
2
3
4

-4 -3 -2 -1 0 1 2 3 4
x 

y 

A B 

C 

D 
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The Operation of 2-D Vectors in a Coordinate Plane 
 
Addition and Subtraction 
Given jyixa

rr
11 += , jyixb

rr
22 +=  

ba + = jyyixx
rr

)()( 2121 +++  

ba − = jyyixx
rr

)()( 2121 −+−  
 
 

5 
Given a = 2 i

r
+ j
r

 and b = –3 i
r
+ 4 j

r
, find ba +  and ba − . 

 

 
  ba +  
= 2 i

r
+ j
r

 + (–3 i
r
+ 4 j

r
) 

= 2 i
r

– 3 i
r
+ j
r
+ 4 j

r
 

= – i
r
+ 5 j

r
 

 
  ba −   
= 2 i

r
+ j
r

– (–3 i
r
+ 4 j

r
) 

= 2 i
r
+ 3 i

r
+ j
r

– 4 j
r

 
= 5 i

r
– 3 j

r
 

 
 

6 
Given A(2, 3), B(4, 5), C(0, 2) and D(–1, –3), find AB  and CD . 
 

 
 AB  
= OAOB −  
= (4 i

r
+ 5 j

r
) – (2 i

r
+ 3 j

r
) 

= 4 i
r

– 2 i
r

+ 5 j
r

– 3 j
r

 
= 2 i

r
 + 2 j

r
 

  CD  
= OCOD −  
= (– i

r
– 3 j

r
) – (2 j

r
)  

= – i
r

– 3 j
r

– 2 j
r

 
= – i

r
– 5 j

r
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Equal Vector 
 
Given jyixa

rr
11 += , jyixb

rr
22 += . 

If ba = , then 21 xx = , 21 yy =  
 

7 
4 i
r

+ (m – 2) j
r

 = (n + 2) i
r

+ 6 j
r

. Find m and n. 

 

 
4 i
r

+ (m – 2) j
r

= (n + 2) i
r

+ 6 j
r

 
4 = n + 2 
n = 4 – 2 
n = 2 
 
m – 2 = 6 
m = 6 + 2 
m = 8 
 
Therefore: m = 8, n = 2. 
 
 

8 
Given the coordinates of the three vertices A, B and C of a parallelogram ABCD are (−2, 1), 
(−1, 3) and (3, 4) respectively, find the coordinates of vertex D. 
 

 
Let the coordinates of vertex D be (x, y). 
∵ OAOBAB −= = – i

r
+ 3 j

r
– (–2 i

r
+ j
r

) = i
r

 + 2 j
r

 

ODOCDC −= = 3 i
r

+ 4 j
r

– (x i
r

+ y j
r

) = (3 – x) i
r

+ (4 – y) j
r

 
 

CDAB =  
i
r

+ 2 j
r

 = (3 – x) i
r

+ (4 – y) j
r

 
1 = 3 – x 
x = 2 

  
2 = 4 – y 
y = 2 

 t∴ he coordinates of vertex D is (2, 2). 
 

 7.2F 
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Scalar Product 
 
Given a = x i

r
+ y j

r
. 

aλ  = λ(x i
r

+ y j
r

) = λx i
r

+ λy j
r

, λ  is a real number. 
 
 

9 
Simplify: 
1. 3(2 i

r
– j
r

) + 4( i
r

+ 2 j
r

) 
2. 2( i

r
+ j
r

) – 3( j
r

–2 i
r

) 

 

 
1.  

3(2 i
r

– j
r

) + 4( i
r

 + 2 j
r

) 
= 6 i

r
–3 j

r
+ 4 i

r
+ 8 j

r
 

= 6 i
r

+ 4 i
r

– 3 j
r

+ 8 j
r

 
= 10 i

r
+ 5 j

r
 

 
2. 

2( i
r

+ j
r

) – 3( j
r

–2 i
r

) 
 = 2 i

r
+ 2 j

r
– 3 j

r
– 3(–2 i

r
) 

 = 2 i
r

+ 2 j
r

– 3 j
r

+ 6 i
r

 
 = 2 i

r
+ 6 i

r
+ 2 j

r
– 3 j

r
 

 = 8 i
r

– j
r

 
 
 

10 
Given a = 2 i

r
+ j
r

 and b = –3 i
r

+ 4 j
r

, find ba 43 + . 

 

 
  ba 43 +   
= 3(2 i

r
+ j
r

) + 4(–3 i
r

+ 4 j
r

) 
= 6 i

r
+ 3 j

r
– 12 i

r
+ 16 j

r
  

= – 6 i
r

+ 19 j
r
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Unit Vector 
 

The magnitude of a  is denoted by a . 

A unit vector is a vector with magnitude equals to 1. 
 
 
Notation for vector 
 
The notation for a unit vector can be written as a “ ^ ” sign above the vector symbol, for 
instance, â . 
 
 

11 
Given 3=u , find the unit vector of û . 

 

 

3
ˆ u

u

uu ==   

 
 
 

If jbiav
rr

+= , its magnitude is 22 bav += , and the unit vector is 
22

ˆ
ba
jbiav

+

+
= . 
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12 
Find the unit vector of the following: 
1. 3 i

r
 + 4 j

r
 

2. 10 i
r

 + 10 j
r

 

 

 
1. 22 4343 +=+ ji

rr
 

       = 25  
       = 5 

 jijiu
rr

rr

5
4

5
3

5
43

+=
+

=
∧

 

 
2. 21020010101010 22 ==+=+ ji

rr
 

jijiu
rr

rr

2
2

2
2

210
1010

+=
+

=
∧
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Section Formula 
 
Let the position vector of A and B be a  and b  respectively. If P is one of the points on the 

line segment AB such that 
s
r

PB
AP

=   

and r and s are real numbers, then 
 
the position vector of P is: 

rs
brasp

+
+

=  

 
Proof 

abOAOBAB −=−=  

)( ab
sr

rAB
sr

rAP −
+

=
+

=  

rs
brasab

sr
raAPOAOP

+
+

=−
+

+=+= )(  

 
 
 
 

13 
Given P is a point on the line segment AB, PBAP 23 = . If the coordinates of A and B are (−2, 
−6) and (8, 14), find the position vector of P. 
 

 
PBAP :  = 2 : 3 

OA = −2 i
r
− 6 j

r
 

OB = 8 i
r

+ 14 j
r

 

23
)148(2)62(3

+
++−−

=
jijiOP
rrrr

 

 = 
5

2818166 jjii
rrrr

+−+−  

 = 2 i
r

+ 2 j
r

 
 
 
 

A P B 

O

a
b  p

r s 
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14 
Given that OA , OB  are not parallel, if ABtAP = , express OP  in terms of OA  and 
OB . 
 
 
 
 
   
 
 
 
 

 
Method 1 
∵ ABtAP =  
∴ APOAOP +=  
   = ABtOA+  
   = )( OAOBtOA −+  

   = OBtOAtOA +−  
   = OBtOAt +− )1(  
 
Method 2 

BPAP :  = t : 1– t 

 
By section formula 

)1(
)1(

tt
OBtOAtOP

−+
+−

=  

 = OBtOAt +− )1(  
 
 

 

O 

A

B

P
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Mid-point Formula 
 
Mid-point Theorem 
Given that the position vector of point A and point B are a  and b  respectively.  If C is the 

mid-point on line AB, Vector )(
2
1 bac

rrr
+= . 

 
 
Proof 
 
∵ C is the mid-point of straight line AB 
∴ r = s = 1 
By section formula: 

211
babaOC +

=
+
+

=  

∴ )(
2
1 bac

rrr
+=  

 
 

15 
Given that point P is the mid-point on line AB.  If A and B are (−3, 7) and (5, −19) 
respectively, find the position vector of P. 
 

 
jiOA
rr

73 +−=  

jiOB
rr

195 −=  

2
)195()73( jijiOP
rrrr

−++−
=  

 = 
2

19753 jjii
rrrr

−++−  

 = i
r

– 6 j
r
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16 

Given that P is the mid-point of the line AB. If the position vector of A and P are 4 i
r

+5 j
r

 and 
3 i
r

+3 j
r

, find the position vector of B. 

 

 

2
OBOAOP +

=  

3 i
r

+ 3 j
r

= 
2

54 OBji ++
rr

 

6 i
r

+ 6 j
r

= 4 i
r

+ 5 j
r

+OB  

    OB = 2 i
r

+ j
r

 
 
 

 7.2G 
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7.2A 
 
 
 
 
 
 
 
 
 
 
                  
 
 
For questions 1 and 2, the given diagram is relevant. 
 
1. Simplify 

(1) ba +  

(2) dc +  

(3) ef +  

 
2. Simplify 

(1) BCAB +  

(2) DCBD +  

(3) ACDA +  

 

 

1. (1) c   (2) f   (3) g  

2. (1) AC   (2) BC   (3) DC  

 
 

D

C

A 

E 

B

b

a

g  

d

e  

f  

c
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7.2B 
 
1. Let a  be the vector of “walk in the east direction for 10 km”, b  be the vector of “walk 

in the west direction for 5 km”, c  be the vector of “walk in the north direction for 10km” 
and d  be the vector of “walk in the south direction for 5 km”. Write down the magnitude 
and direction of the following vectors. 

 
(1) aa +  
(2) ba +  
(3) ca +   
(4) db +  
(5) dcb ++  
(6) dad ++  

 
 
For questions 2 and 3, the given diagram is relevant. 
 
2. Simplify 
 
 
 
 
                  
 
 
 
 

(1) dba ++  
(2) edc ++  
(3) edba +++  

 
3. Simplify 

(1) BDDCAB ++  
(2) BCDAAB ++  

 

D

C

A 

E

B

b

a

g  

d

e  

f  

c
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1. 

(1) walk in the east direction for 20 km 
(2) walk in the east direction for 5 km 
(3) walk in the northeast direction for 210 km 
(4) walk in the southwest direction for 25 km 
(5) walk in the northwest direction for 25 km 
(6) walk in the southeast direction for 210 km 

2. (1) f   (2) g  (3) g  

3. (1) AC  (2) DC  
 
 

7.2C 
1.    
(1) In ∆ABC, if aBC =  and bCA = . Express AB  in terms of a  and b . 
 
(2) Given the parallelogram ABCD, simplify BACDBC +− . 
 
 
 
 
 
 
(3) In ∆ABC, D, E and F are the midpoints of BC, CA and AB respectively.  

Simplify FDDCBF +− . 
 
       
 
 
 
              

A 

B C

F E

D

A B 

D C
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2. Given parallelogram ABCD，simplify ADBCAB −+ . 

 
 
 
 
 
 
 
 
3. Express the following vector in terms of a , b  and c . 

(1) ge −  

(2) df −  

(3) gd −  

 
 
 
 
 
 
 

 
1.  (1) ba −−   (2) BC   (3) 0  
2.  DC  
3.  (1) cb −−   (2) ba +  (3) cba −−−  
 

BA 

D 
C

E
D 

C 
A

B

e  

a  

b  

c

d

fg
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7.2D 
 
1. In parallelogram ABCD, F, M, C and P are the midpoints of AE, AB, BD and DE 

respectively, and aAM =  and bAF = . Express the following vectors in terms of a  
and b . 
(1) AD  
(2) FD  
(3) BP  
(4)CA  

  
 
 
 
2. Simplify 

(1) ( ) cdc −+2  

(2) ( ) ( )baba 2332 −++  

(3) ( ) ( )cbaca −+++ 234  

 
3. Given a parallelogram ABCD, M is the point of intersection of the diagonals, aAB =  

and bAD = . 
 
 
 
 
 
 
 
 
 
(1) Express MA , MB , MC  and MD  in terms of a  and b . 
(2) Given that O is any point, prove that OMODOCOBOA 4=+++ . 

 

A 

C 

B

O

D 

M

a

b  

A B 

C 

D E

F

M

N 

P 
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1. (1) ba 22 +  (2) ba +2   (3) ba 2+−   (4) ba

rr
−− 2  

 
2. (1) dc 2+   (2) ba 49 −   (3) cba ++ 67  
 
3. (1) baADABAC +=+=  

  ACCAMA
2
1

2
1

−==  

  ∴ baMA
2
1

2
1

−−=  

 
  abABDADB +−=+=  

  DBMB
2
1

=  

  ∴ baMB
2
1

2
1

−=  

 
  MAAMMC −==  

  ∴ baMC
2
1

2
1

+=  

 

  MBBMMD −==  

  ∴ baMD
2
1

2
1

+−=  

 
(2)    OMODOCOBOA 4−+++  

= OMODOMOCOMOBOMOA −+−+−+−  
= MDMCMBMA +++  

= ( ba
2
1

2
1

−− ) + ( ba
2
1

2
1

− ) + ( ba
2
1

2
1

+ ) + ( ba
2
1

2
1

+− ) 

= 0 

   ∴ OMODOCOBOA 4=+++  
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7.2E 
 
1. Given A(−1, −1), B(1, 3), C(2, 5), prove that A, B and C are collinear. 

2. Given abkba 2)1(32 ++=+ , a  and b  are parallel, find the value of k.  

3. If a  and b  are non-parallel vectors, find the values of the unknowns. 

cpbnacbnam )3()12(25)4()3( −−−+=+−−−  

4. Given a  and b  are non-parallel and ( ) ( )aybxbya 74)2(103 +++=−+ .  Find the 

values of x and y. 
 

 

1. jiOA
rr

−−=  

jiOB
rr

3+=  

jiOC
rr

52 +=  

jijijiOAOBAB
rrrrrr

42)()3( +=−−−+=−=  

jijijiOBOCBC
rrrrrr

2)3(52 +=+−+=−=  

BC2AB =  

∴ A, B and C are collinear. 
 

2. abkba 2)1(32 ++=+  

bkaba )1(232 ++=+  

∴ 3 = k + 1 
k = 2 
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3. cpbnacbnam )3()12(25)4()3( −−−+=+−−−  

3 – m = 2 
   m = 1 
 
−(4 – n) = 2n − 1  
 −4 + n = 2n – 1 
     n = −3 
 
5 = −(3 – p) 
5 = −3 + p 
p = 8 
 
∴ m = 1, n = –3 and p = 8. 

 

4. ( ) ( )aybxbya 74)2(103 +++=−+  

( ) ( ) bxaybya )2(74103 +++=−+  

3 = 4y + 7 
4y = −4 
y = −1 
 
10 – y = 2 + x 
10 – (−1) = 2 + x 
x = 11 – 2 = 9 
 
∴ x = 9, y = −1 



 
 
7. Vectors         

7.2 The Addition, Subtraction and Scalar Product of Vectors (Key Stage 4)           Page 9 of 13 

 
 

                                       ©2003 All Rights Reserved 
 
 

7.2F 
1. Express the vectors in terms of i

r
 and j

r
. 

 
 
 
 
 
 
 
 
2. Simplify 

(1) 3(2 i
r

+ 3 j
r

) – ( i
r

– 4 j
r

) 
(2) 4( i

r
− 3 j

r
) + 3(2 i

r
+ j

r
) 

(3) 6( i
r

+ 3 j
r

) – 4(2 i
r

+ 4 j
r

) 
 

3. Find the values of the unknowns. 
(1) (n + 2) i

r
+ 4 j

r
= 5 i

r
 + m j

r
 

(2) (4 – m) i
r

– (5 – n) j
r

= 6 j
r

 
(3) (20 – 3m) i

r
+ (30 – 5n) j

r
 = (m – 4) i

r
+ 10 j

r
 

4. Given a = i
r

+ j
r

, jixb +=  and ba 2+  is parallel to ba −2 . Find the value of x. 

5. Given a = 2 i
r

+ 3 i
r

, b = x i
r

– 6 and ba // . Find the value of x. 
 

 

1. AB = – 6 j
r

, CD = i
r

– 4 j
r

, EF = 3 i
r

. 

2.  
(1) 3(2 i

r
+ 3 j

r
) – ( i

r
– 4 j

r
) = 6 i

r
 + 9 j

r
– i
r

+ 4 j
r

 = 5 i
r

+13 j
r

 
(2) 4( i

r
− 3 j

r
) + 3(2 i

r
+ j
r

) = 4 i
r

– 12 j
r

+ 6 i
r

 + 3 j
r

= 10 i
r

– 9 j
r

 
(3) 6( i

r
+ 3 j

r
) – 4(2 i

r
+ 4 j

r
) = 6 i

r
+ 18 j

r
– 8 i

r
– 16 j

r
= –2 i

r
+ 2 j

r
 

 
3.   

(1) (n + 2) i
r

+ 4 j
r

 = 5 i
r

+ m j
r

 
n + 2 = 5 
n = 3 
4 = m 

-4
-3
-2
-1
0
1
2
3
4

-4 -3 -2 -1 1 2 3 4

A 

B 

C

D

E F
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∴ m = 4, n = 3 
 
(2) (4 – m) i

r
– (5 – n) j

r
 = 6 j

r
 

4 – m = 0 
m = 4 
−(5 – n) = 6 
−5 + n = 6 
n = 11 
∴ m = 4, n = 11 

 
(3) (20 – 3m) i

r
 + (30 – 5n) j

r
 = (m – 4) i

r
+ 10 j

r
 

20 – 3m = m – 4 
4m = 24 
m = 6 
30 – 5n = 10 
5n = 20 
n = 4 
∴ m = 6, n = 4 

 

4. ba 2+ = ( i
r

+ j
r

) + 2(x i
r

+ j
r

) = (1 + 2x) i
r

+ 3 j
r

 

ba −2 = 2( i
r

+ j
r

) − (x i
r

+ j
r

) = (2 – x) i
r

+ j
r

 

∵ ba 2+  and ba −2  are parallel to each other. 

∴ ba 2+ = k( ba −2 ) 

(1 + 2x) i
r

+ 3 j
r

 = (2 – x)k i
r

+ k j
r

 
k = 3 
1 + 2x = 3(2 – x) 
5x = 5 
∴ x = 1 

 

5. ∵ ba //  

2 i
r

+ 3 j
r

= k(x i
r

– 6 j
r

) 
2 = kx 
3 = −6k  ∴ k = −0.5 



 
 
7. Vectors         

7.2 The Addition, Subtraction and Scalar Product of Vectors (Key Stage 4)           Page 11 of 13 

 
 

                                       ©2003 All Rights Reserved 
 
 

2 = −0.5x ∴ x = −4 
 

7.2G 
1. Write down the unit vector of :  

3 i
r

+ 3 j
r

 
−8 i

r
+ 6 j

r
 

−5 i
r

–12 j
r

 
2. Write down the position vector of A(−3, 5), B(3, 6) and C(4, 0). 
3. Given point P is the midpoint of line AB. If the coordinates of point A and point P are 

(−4, −7) and (6, 11) respectively, find the position vector of point B. 

4. Given 13eOA = , 23eOB = , C and D divide AB into 3 equal parts, express OC  and 

OD  in terms of 1e  and 2e . 

 
 
 
 
 

5. Given P is a point on line AB, PBAP 2= , if the coordinates of point A and point B are 
(−3, −6) and (6, 18) respectively, find the position vector of point B. 

6. Given M(3, 2), N(−5, −1), and MNMP =2 , find the position vector of point P.  
 

 

1. (1) ji
rr

2
2

2
2

+   (2) ji
rr

5
3

5
4

+−   (3) ji
rr

13
12

13
5

−−  

2. jiOA
rr

53 +−= , jiOB
rr

63 += , iOC
r

4=  

3. jiOA
rr

74 −−=  

jiOP
rr

116 += ji
3
2

−−  

By mid-point theorem, 

)(
2
1 OBOAOP +=  

O B

D

C
A
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∴ OAOPOB −= 2 = 2(6 i
r

 + 11 j
r

) – (–4 i
r

 – 7 j
r

) = ji
rr

2916 +  

 
4. By section formula, 

12
3)3(2 21

+
+

=
eeOC  

∴ 212 eeOC +=  

21
)3(23 21

+
+

=
eeOD  

∴ 21 2eeOD +=   

 

5. jiOA
rr

63 −−=  

jiOP
rr

186 +=  

∵ PBAP 2=  

∴ AP : PB = 2 : 1 
 
By section formula, 

12
2

+
+

=
OAOBOP  

∴ )3(
2
1 OAOPOB −=  

jijijiOB
rrrrrr

27
2
21)]63()186(3[

2
1

+=−−−+=   

 

6. jiOM
rr

23 +=  

jiON
rr

−−= 5  

∵ MNMP =2  
∴ MP : PN = 1 : 1  (P is the mid-point of MN) 
 
By mid-point formula, 
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2
ONOMOP +

=  = ji
rr

2
1

+−  

 
 


