
 Chapter 3 
VECTORS 

Recommended Problems: 

15, 19, 21, 23, 26, 31, 36, 37, 41, 45, 57, 59 (problems from Ch.7) 

7, 9, 12, 13 (problem from Ch.11) 1, 3, 7, 10 

In this chapter we are going to discuss the following topics: 

 Coordinates Systems 

 Vectors & Scalars 

 Adding and Subtracting Vectors 

 Components of Vectors 

 Product of Vectors (Multiplying a Vector by a Scalar, Scalar 

product, & Vector Product) 



In physics it is important to define the position of a point in space. 

In doing so we need a coordinate system. 

3.1 Coordinates Systems 

Cartesian Coordinates: 

 It consists of two 

perpendicular axes (x-axis, and 

y-axis) that intersect at a point 

called the origin. Any point in a 

plane is assigned two 

numerical values: x-value 

which gives the position of the 

point along the x-axis, and y-

value which gives the position 

of the point along the y-axis.  

For 3-dimensional case there is a third axis (z-axis) perpendicular 

to x-y plane and passing through the origin. The Cartesian 

coordinates are called the rectangular coordinates. 



Polar Coordinates: 

 Some times, it is convenient to 

specify a point in space by its distance 

from the origin (r-value) and a value 

(-value)denotes the angle between 

the x-axis and r.  is usually measured 

counterclockwise. 
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The Cartesian coordinates are related to the polar coordinates as  

 sin,cos ryrx 

,22 yxr and

x

y
tanwith

These four expressions relating the coordinates (x, y) to the 

coordinates (r, ) apply only when  is defined as shown. 



Example 3.1 The Cartesian 

coordinates of a point in the x-y 
plane are (x, y) = (-3.50, -2.50) m as 

shown. Find the polar coordinates of 

this point. 

 
Solution To find r and  we have  

  

   2222 50.250.3  yxr

714.0
50.3

50.2
tan 






x

y
and 

m30.4ror

o216or

The polar coordinates of the point is (4.30m, 216o) 

 



3.2 Vector and Scalar Quantities 

Physical quantities are either vectors or scalars: 

Scalar 

is the physical quantity 

that has magnitude 

only. 

e.g., time, volume, mass, 

density, energy, distance, 

temperature. 

Vector 

is the physical quantity 

that has both magnitude 

and direction. 

e.g., velocity, acceleration, 

displacement, force, area. 

In the book, the vector quantity will be distinguished from the 

scalar quantity by typing it in boldface with an arrow over the 

letter, like    or simply A . The magnitude of the vector quantity will 

be denoted by     or simply the italic letter A. The magnitude of a 

vector is always a positive number.  

A


A




Tail of the vector Head of the vector 

3.3 Some Properties of Vectors 

Equality of Two Vectors Any two 

vectors are said to be equal if they have 

the same magnitude and point in the same 

direction, regardless of their location. 

 

A 

Geometrically, The vector quantity is represented by a straight line 

and an arrow at one end of the line.  



Adding vectors (graphical method) 

triangle method. 

 B 

A 

A 

 B 

parallelogram method. 

 B 

A 
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 B 
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A+B = B+A      (commutative) 

 

(A+B)+C = A+(B+C)    (associative) 

 B 



Negative  of a Vectors 
A 

-A 

Subtracting Vectors 

The vector   is a vector with the same 

magnitude as the vector  but points in 

opposite direction. 

A-


A


Subtracting     from     is the same as adding       to     , i.e.,  B


A


B-


A


 B-AB-A




A 

 -B 

 B 

Or         is the vector when added 

to      must give    

B-A


A


B


Multiplying a Vector by a Scalar 

If     is multiplied by a positive scalar , the product      Is  a vector 

with the same direction as    and magnitude A.  If  is negative 

the vector      points in the opposite direction of    . 

A
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A

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A


A


 A




• Quick Quiz (1) 
  

The magnitudes of two vectors A and B are A =12 units and B=8 

units. Which pair of numbers represents the largest and smallest 
possible values for the magnitude of the resultant vector R=A+B? 

a) 14.4 units, 4 units b) 12 units, 8 units 

c) 20 units, 4 units d) Non of them 

• Quick Quiz (2) 
  

Under what condition does the resultant vector A + B have a 

magnitude equals to A + B? 

a) A and B are parallel and in the same direction. 

b) A and B are parallel and in opposite directions. 

c) A and B are perpendicular. 

d) Under no condition.  



Components of Vector and Unit Vectors 

A unit vector is a vector, with specific direction, having a 

magnitude of 1 without any units or dimensions. 

In Cartesian coordinates three unit vectors are adopted to specify 

the positive directions of the three-axes. 

    is directed along the positive x-axis î

    is directed along the positive y-axis ĵ

    is directed along the positive z-axis k̂

This means that if a vector A is directed a 

long the positive x-axis with a magnitude 

of A, this vector can be written as 

iA ˆA


The minus sign in front of any vector indicates the opposite 

direction of that vector, i.e. -î refers to the negative x-axis, and so 

for the other two unit vectors. 



Components of Vector 

It is clear that the vector A can be 

represented by the sum of two vectors, 

one parallel to the x-axis (Ax î ),  and the 

other parallel to the y-axis (Ay ĵ ), i.e., x 

y 

A 

Ax i 

Ay j 

Consider the vector A in the x-y plane.  

jiA ˆˆ
yx AA 



Ax  and Ay are called, respectively the x- and the y-components of 

the vector A. 

 

It is clear from the figure that 

 sinandcos yx AAAA 

The magnitude of the vector is given by 

2
y

2
x AAA  A
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In three dimensions any vector A can be resolved into three 

components as. 

kjiA ˆˆˆ
zyx AAA 



Where Az  is called the z-components of the vector A. 

Note that if the vector A is zero then all its components are zero. 

To find the direction of a vector it is enough to determine the angle 

 the vector makes with a specific axis. The angle a vector makes 

with the x-axis is given by 



Adding Vectors 

Now to add two vectors analytically proceed as follow: 

(i) Resolve each vector into its components according to suitable 

coordinate axes. 

(i) Add, algebraically, the x-components of the individual vectors to 

obtain the x-component of the resultant vector. Do the same thing 

for the other components, i.e., if 

Then the resultant vector R is 

kjiA ˆˆˆ
zyx AAA 



kjiB ˆˆˆ
zyxand BBB 



kjiBAR ˆ)(ˆ)(ˆ)( zzyyxx BABABA  =




• Quick Quiz (3) 
  

For which of the following vectors is the magnitude of the vector 

equal to one of the components of the vector? 

a)  kjiA ˆˆ5ˆ2 


b)  jiA ˆ5ˆ2 


c)  jA ˆ3


d)  kA ˆ5


Example 3.3 Find the sum of the 2-displacement vectors 

 mjiA ˆ0.2ˆ0.2 


 mjiB ˆ0.4ˆ0.2 


Solution From the given information we have 

  jiBAR ˆ)(ˆ)( yyxx BABA=


 mjijiR ˆ0.2ˆ4ˆ)0.40.2(ˆ)0.20.2( 


    m5.40.20.4
2222  yx RRR


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tantan 11 







 









 

R

R


x 

y 

R 

333o 



Example 3.4 A particle undergoes three consecutive 

displacements 

  cmkjiA ˆ12ˆ30ˆ15 


  cmkjiB ˆ0.5ˆ14ˆ23 -


  cmjiC ˆ15ˆ13 


Find the resultant displacement and its magnitude. 

Solution  

 
 kjiCBAR ˆ)(ˆ)(ˆ)( zyx CBACBACBA zzyyxx=



 jjiR ˆ)00.512(ˆ)151430(ˆ)132315(


  cmjjiR ˆ0.7ˆ31ˆ25 


222
zyx RRR R



      cm400.7310.25 222 R




Example 3.5 A hiker begins a trip by 

first walking 25.0 km southeast from 

her car. She stops and sets up her tent 

for the night. On the second day, she 

walks 40.0 km in a direction 60.0° 

north of east, at which point she 

discovers a forest ranger’s tower.  

a) Determine the components of each 

displacement. 

b) Find the resultant displacement in 

terms of unit vectors. 

Solution a) The components of the first displacement are  

  kmo
x 7.1745cos0.25cos  AA

  kmo
y 7.1745sin0.25  insAA

  kmjiA ˆ7.17ˆ7.17 




And the components of the second 

displacement are  

  kmo
x 0.2060cos0.40cos  BB

  kmo
y 6.3460sin0.40  insBB

  kmjiB ˆ6.34ˆ020  .


 jiBAR ˆ)(ˆ)( yyxx BABA=


 jiR ˆ)7.176.34(ˆ)7.170.20(


  km37.7 jiR ˆ0.17ˆ 


To find the direction of the resultant displacement we have 
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b) For the resultant displacement we have  



Product of Vectors 

1- Multiplying a vector by a scalar: 

 
If  is a scalar and A is a vector then 

Note that the direction of  A is the same as the direction of A if  
is +ve a and opposite to A if  is –ve. 

2- Scalar (dot) product: 

 The scalar product of two vectors A and B, denoted by A· B , is a 

scalar quantity defined by, 

cosBABA




with  is the smallest angle between the two vectors.  

kjiA ˆˆˆ
zyx AAA  



Since i, j, and k are unit vectors perpendicular to each other, and 

using the last equation we can write 

 



1 

1 

1 

0ˆˆˆˆˆˆ == jkkiji 

kkjkik

kjjjij

kijiii

ˆˆˆˆˆˆ

ˆˆˆˆˆˆ

ˆˆˆˆˆˆ







zzyzxz

zyyyxy

zxyxxx

BABABA

BABABA

BABABA

zzyyxx BA+BA+BA BA


1ˆˆˆˆˆˆ == kkjjii 

   kjikjiBA ˆˆˆˆˆˆ
zyxzyx BBBAAA 



Example 7.2 You are given the vectors  

a) Find the dot product between the two vectors. 
b) Find the angle between the two vectors. 

 
 Solution a) 

jiA ˆ3ˆ2 


jiB ˆ2ˆ 


    4622312  zzyyxx BA+BA+BABA


b) To find the angle between the two vectors we have 



BA

BA
BABA 


 

  coscos

  521and1332But 2222  BA


o605.0
513

4



 cos

• Quick Quiz (4) 
  

Which of the following statements is true? 

a)           is larger than AB BA



b)           is smaller than AB BA



c)           could be larger than or smaller than AB BA



d)           could be equal to AB BA



jiA ˆ3ˆ2 


jiB ˆ2ˆ 




3- Vector (cross) product: 

 
The vector product of two vectors A and B, written as AB, is a 

third vector C with a magnitude given by 

sinBABAC




The vector C is perpendicular to the plane of A and B. Since there 

are two directions perpendicular to a given plane, the right hand 

rule is used to decide to which direction the vector C= AB is 

directed.  

The rule states that the four fingers of 

the right hand are pointed along A and 

then curled toward B through the 

smaller angle between A and B. The 

thumb then gives the direction of C. 

Using this rule it is clear that. 

ABBA






-i 
j 

-k 

By the same rule one can verify that 

i 

-j k 

   k+jik+ji zz BBBAAA yxyx BA


kkjkik

kjjjij

kijiii







zzyzxz

zyyyxy

zxyxxx

BABABA

BABABA

BABABA

k-+j-+i- )AB()AB()AB( xyyxzxxzyzzy BABABA

i 

j k 

0ˆˆˆˆˆˆ == kkjjii 

kji ˆˆˆ  ikj ˆˆˆ = jik ˆˆˆ 



Or equivalently we have 

zyx

zyx

BBB

AAA

kji

BA

ˆˆˆ




kji ˆ)AB(ˆ)AB(ˆ)AB( yyxx xxzzyzzy BABABA -+-+-

Example 11.1 You are given the vectors  

a) Find the cross product between the two vectors. 
b) Verify that  
 

Solution a) 

jiA ˆ3ˆ2 


jiB ˆ2ˆ 


ABBA




021

032

ˆˆˆˆˆˆ





kjikji

BA

zyx

zyx

BBB

AAA


kji ˆ)1322(ˆ)0210(ˆ)2003( - -+-+- k̂7



• Quick Quiz (5) 
  

Witch of the following is always zero? 

a) (A  B )  A  b) (A  B )  A  

c) (A  B )  B  d) (A  B )  A  

032

021

ˆˆˆˆˆˆ



kjikji

AB

zyx

zyxb)

AAA

BBB


kji ˆ)2231(ˆ)0120(ˆ)3002(  -+-+- - k̂7


