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3.1 Coordinate Systems 

Cartesian coordinate system 

(x, y) 

polar coordinate system 

(r, θ) 

  



polar coordinate system(r, θ) 
O In this polar coordinate system, r is 

the distance from the origin to the 

point having Cartesian coordinates 

(x, y), and θ is the angle between a 

line drawn from the origin to the 

point and a fixed axis. 
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O This fixed axis is usually the 

positive x axis, and θ is 

usually Measured 

Counterclockwise 

 from it 
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Trigonometry Review 
O Therefore, starting with the plane polar coordinates of 

any point, we can obtain the Cartesian coordinates 

y = R sin q        

x = R cos q 

R2 = x2 + y2 

R is always positive;  q is from + x axis 





3.2 Vector and Scalar Quantities 

Scalar  Vector 

O A scalar quantity is 

completely specified by a 

single value with an 

appropriate unit and has 

no direction. 

O Temperature. 

O Time. 

O Volume. 

O Mass 

 

O A vector quantity is 

completely specified by a 

number and appropriate 

units plus a direction. 

O Velocity. 

O Displacement. 

O Force. 

O Electric Field 

O Some physical quantities are scalar quantities whereas 

others are vector quantities. 



Vectors 
O To represent a vector quantity A: 

an arrow is written over the symbol for the vector 𝑨 

O The magnitude of the vector A is written either A or 𝑨  

O The magnitude of a vector has physical units, such as 

meters for displacement or meters per second for 

velocity. The magnitude of a vector is always a positive 

number. 



Speed & Velocity 
O Speed and velocity are not the same. 

O Velocity requires a direction therefore a vector 

quantity. 

O Speed tells us how fast we are going but not which way. 

O Speed is a scalar (direction doesn’t count!) 
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3.3 Some Properties of Vectors 

O Equality of Two Vectors: 

For many purposes, two vectors A 

and B may be defined to be equal 

if they have the same magnitude 

and point in the same direction. 

 



Two vectors are equal if they have the same direction 

and magnitude (length). 

Blue and orange 

vectors have 

same magnitude 

but different 

direction. 

Blue and green 

vectors have 

same direction 

but different 

magnitude. 

Blue and purple 

vectors have 

same magnitude 

and direction so 

they are equal. 



O Adding Vectors: 

Head to Tail Method or (tip to tail) 

To add vector B to vector A, first draw vector A on graph 

paper, with its magnitude represented by a convenient 

length scale, and then draw vector B to the same scale 

with its tail starting from the tip of A, as shown in Figure. 

The resultant vector R = A + B is the vector drawn from 

the tail of A to the tip of B. 

R is the vector drawn from the tail of the first vector to the 

tip of the last vector. 
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Parallelogram method 

O When two vectors are joined tail to tail 

O Complete the parallelogram 

O The resultant is found by drawing the 
diagonal 

 



 



O Negative of a Vector: 

The negative of the vector v is defined as the vector that 

when added to v gives zero for the vector sum. That is, 

v + (-v) = 0.  

The vectors v and - v have the same magnitude but point 

in opposite directions. 

O Subtracting Vectors: 

The operation of vector subtraction makes use of the 

definition of the negative of a vector. We define the 

operation A - B as vector -B added to vector A: 

A – B = A + (-B) 

v
v



O Multiplying a Vector by a Scalar 

If vector A is multiplied by a positive scalar quantity m, 

then the product mA is a vector that has the same 

direction as A and magnitude mA. 

If vector A is multiplied by a negative scalar quantity -m, 

then the product -mA is directed opposite A. 



3.4 Components of a Vector 
O The graphical method of adding vectors is not 

recommended whenever high accuracy is required or 

in three-dimensional problems.  

O In this section, we describe a method of adding vectors 

that makes use of the projections of vectors along 

coordinate axes. 

O These projections are called the components of the 

vector. Any vector can be completely described by its 

components. 



O Consider a vector A lying in the xy plane 

and making an arbitrary angle θ with the 

positive x axis, as shown in Figure 3.13a. 

O This vector can be expressed as the sum 

of two other vectors Ax and Ay . 

A = Ax + Ay 

O The component Ax represents the 

projection of A along the x axis. 

O The component Ay represents the 

projection of A along the y axis. 

O These components can be positive or 

negative. The component Ax is positive if 

Ax points in the positive x direction and is 

negative if Ax points in the negative x 

direction. The same is true for the 

component Ay . 



O The components of A are: 

sin 𝜃 =
𝐴𝑦
𝐴
                              cos 𝜃 =

𝐴𝑥
𝐴

 

 

 

 

O The magnitude of vector A is: 

𝐴 = 𝐴𝑥
2 + 𝐴𝑦

2
 

 

O The direction is: 

𝜃 = tan−1
𝐴𝑦
𝐴𝑥

 

 



O Note that the signs of the components Ax and Ay 

depend on the angle θ. 

O For example, if: 

Θ= 120ᵒ , then Ax is negative and Ay is positive. 

If 

Θ= 225ᵒ , then Ax is negative and Ay is negative. 

 

 



Unit Vectors 
O Vector quantities often are expressed in terms of unit 

vectors. 

O A unit vector is a dimensionless vector having a 

magnitude of exactly 1. 

O Unit vectors are used to specify a given direction and 

have no other physical significance. 

O We shall use the symbols 𝑖,  𝑗  𝑎𝑛𝑑 𝑘  to represent unit 

vectors pointing in the positive x, y, and z directions, 

respectively. 

O The unit vectors form a set of mutually perpendicular 

vectors as shown in Figure 3.16a. 



O The magnitude of each unit vector equals 1 

𝑖  = 𝑗  = 𝑘  = 1 

O Thus, the unit–vector notation for the vector A is 

𝐴 = 𝐴𝑥𝑖  + 𝐴𝑦𝑗   

 



O Now let us see how to use components to add vectors 

Suppose we wish to add vector B to vector A in last 

equation where vector B has components Bx and By.  

O All we do is add the x and y components separately. 

The resultant vector R = A + B is therefore 



 



 



 



 



 



Vectors product 

Scalar (dot)  Vector (cross) 

O 𝐴 ∙ 𝐵 = 𝐴 𝐵 cos 𝜃 

O The result of the product 

is scalar 

O The result equal zero if: 

𝜃 = 90° 𝑜𝑟 270° 

O 𝑖 ∙ 𝑖 = 𝑗 ∙ 𝑗 = 𝑘 ∙ 𝑘 = 1 

O 𝑖 ∙ 𝑗 = 𝑗 ∙ 𝑘 = 𝑘 ∙ 𝑖 = 0 

O 𝐴 × 𝐵 = 𝐴 𝐵 sin 𝜃 

O The result of the product is 

vector. 

O The result equal zero if: 

O 𝜃 = 0° 𝑜𝑟 180° 

O 𝑖 × 𝑖 = 𝑗 × 𝑗 = 𝑘 × 𝑘 = 0 

𝑖 × 𝑗 = 𝑘,         𝑗 × 𝑖 = −𝑘 

𝑗 × 𝑘 = 𝑖,         𝑘 × 𝑗 = −𝑖 
𝑘 × 𝑖 = 𝑗,         𝑖 × 𝑘 = −𝑗 



Derivation 

O How do we show that                                     ? 

O Start with 

 

O Then 

 

 

 

O But  

 

 

O So 
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Cross product 

O Task: 

By the same way find 𝐴 × 𝐵 for last two 

vectors.  



Perpendicular Vectors 

O Suppose there are two vectors a and b, vector a is 

perpendicular or orthogonal to b , so the angle between 

them is θ = π/2=90. 

O The scalar product is 

a ∙ b = |a||b| cos(π/2) = 0 

O Conversely, if a ∙ b = 0, then cos θ = 0, so 

θ = π/2. 



Example 

O If the vectors a and b have lengths 2m and 3m, and 

the angle between them is 60, find a ∙ b. 

Solution  

According to the definition, 

a ∙ b = |a||b| cos(60) = 2 × 3 × ½ = 3m 



Example 

O Show that 2i + 2j – k is perpendicular to 

5i – 4j + 2k. 

Solution  

(2i + 2j – k) ∙ (5i – 4j + 2k) = 

2(5) + 2(– 4) + (– 1)(2) = 0, 

 these vectors are perpendicular. 



Example 
O Find the angle between a= 2i +2j-k and b =5i-3j+2k 

Solution  

Let θ be the required angle.  Since 
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 and since 

a ∙ b = 2(5) + 2(– 3) + (– 1)(2) = 2, 

 the definition of dot product gives 

 

 

O So the angle between a and b is 
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