
Phys 103
Chapter 3 

Dr. Wafa Almujamammi

Vectors



LECTURE OUTLINE 

 3.1 Coordinate Systems

 3.2 Vector and Scalar Quantities

 3.3 Some Properties of Vectors

 3.4 Components of a Vector and Unit 
Vectors
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Cartesian Coordinate System

Used to describe the position of a point in a space

Coordinate system consists of

a fixed reference point called the origin

specific axes with scales and labels

• Instructions on how to label a point relative to the origin and the axes

• Also called rectangular coordinate system

• x - and y - axes intersect at the origin

• Labeled are Points )x,y) 



Polar Coordinate System (r,θ)

represent a point in a plan

Origin and reference line are noted

Point is distance r from the origin in the direction of angle θ,
counterclockwise from positive x-axis

• Points are labeled as (r,θ)











A particle travels from A to B along the path shown by 
the dotted red line

This is the distance traveled and is a scalar

The displacement is the solid line from A to B 

The displacement is independent of the path taken 
between the two points 

Displacement is a vector





Adding Vectors

When adding vectors, their directions must be taken into account

Units must be the same

(1) Graphical Methods: Use scale drawing

(2) Algebraic Methods: More convenient

There are two ways to adding Vectors







Adding Vectors, Rules

When two vectors are added,
the sum is independent of the order 
of the addition .

This is the commutative law of addition

A + B = B + A



When adding three or more vectors, their sum is independent of the way in 
which the individual vectors are grouped

This is called the Associative Property of Addition

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

Adding Vectors, Rules cont.







Multiplying or Dividing a Vector by a Scalar

The result of the multiplication or division is a vector

The magnitude of the vector is multiplied or divided by the scalar, but 
the direction is same for the original and the new vector

• If the scalar is positive, the direction of the result is the same as 
of the original vector

If the scalar is negative, the direction of the result is opposite that 
of the original vector

• If the scalar is positive, the direction of the result is the same as 
of the original vector

If the scalar is negative, the direction of the result is opposite that 
of the original vector

The magnitude of the vector is multiplied or divided by the scalar, but 
the direction is same for the original and the new vector

• If the scalar is positive, the direction of the result is the same as 
of the original vector

If the scalar is negative, the direction of the result is opposite that 
of the original vector

The result of the multiplication or division is a vector

The magnitude of the vector is multiplied or divided by the scalar, but 
the direction is same for the original and the new vector

• If the scalar is positive, the direction of the result is the same as 
of the original vector

If the scalar is negative, the direction of the result is opposite that 
of the original vector



Components of a Vector

A component is a projection of a vector along an axis. 

• Any vector can be completely described by its components.

It is useful to use rectangular components

These are the projections of the vector along the x- and y-axes









Unit Vectors 

A unit vector is a dimensionless vector with a 
magnitude of exactly 1. 

Unit vectors are used to specify a direction and 
have no other physical significance.
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Example 3.5 – Taking a Hike    

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. 
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Example 3.5 – Solution, 
Conceptualize and Categorize 
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Example 3.5 – Solution, Analysis 
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Example 3.5 – Solution, Analysis 2 
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Example 3.5 – Solution, Analysis 3
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Example 3.5 – Solution, Analysis 
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Example 3.5 – Solution, Finalize  
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PROBLEMS

 Section 3.1 Coordinate Systems

1. The polar coordinates of a point are r = 5.50 m and = 240°. 
What are the Cartesian coordinates of this point?

SOLUTIONS TO PROBLEM:

 x = r cos 

 y = r sin 
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PROBLEMS
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PROBLEMS
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PROBLEMS

 Section 3.4 Components of a Vector and Unit Vectors

21. Obtain expressions in component form for the position 
vectors having the following polar coordinates: (a) 12.8 m, 
150° (b) 3.30 cm, 60.0° (c) 22.0 in., 215°.

SOLUTIONS TO PROBLEM:

x = r cos  and    y = r sin 
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PROBLEMS

41



PROBLEMS
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PROBLEMS
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PROBLEMS
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PROBLEMS
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PROBLEMS
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PROBLEMS

 Section 3.4 Components of a Vector and Unit Vectors

50. If A = (6.00ˆi - 8.00ˆj ) units, B = (-8.00ˆi + 3.00ˆj ) units, 
and C = (2

6.0ˆi +19.0ˆj ) units, determine a and b such that aA + bB + 
C= 0.

SOLUTIONS TO PROBLEM:

Taking components along ˆi and ˆj , we get two equations:

6.00a−8.00b+26.0=0 and  −8.00a+3.00b+19.0=0 .

Solving simultaneously,

a=5.00, b =7.00 .

Therefore,    5.00A+7.00B+C=0 .
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