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Lecture Content 

•Coordinate systems 
•Vectors and scalar quantities 
•Properties of vectors 
•Components of vectors and unit vectors 
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Coordinate systems 
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Vector and Scalar quantities 
 
 

4 Dr. Feras Fraige  Physics I   

•What to dress? Temperature and unit 

•Scalar quantity is specified by a single value with appropriate 

unit and has no direction. Examples: mass, volume, distance 

•What you need for flying a Kite? Wind and direction. 

•Vector quantity is completely specified by a number and 

appropriate unit plus direction.  Examples: displacement, 

velocity 

 

 

 



Vectors 
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•A (bold) is a vector,  

•A  is a scalar.  

•Two vectors are equal if the magnitude and 

direction are the same. 

•Adding vectors 

•Negative of a vector 

•Vector subtraction 
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When two vectors are added, the sum is independent 
of the order of the addition. (This fact may seem 
trivial, but as you will see in Chapter 11, the order is 
important when vectors are multiplied). This can be 
seen from the geometric construction in Figure 3.9 
and is known as the commutative law of addition: 
                                    A + B = B + A    
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Figure 3.14 summarizes the signs of the components when 
A lies in the various quadrants. 
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Unit vectors 
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•Multiplying vector by a constant. 

•Projection (components) of vector 

•Why projection is important? Accuracy, 3D,  

 

 

 

 



Unit vectors 
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•Unit vectors in x, y, z coordinate are i, j, k 

 

 



Dot product 
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•Let  a and b be two vectors defined as  

a = a1 i + a2 j + a3 k and b = b1 i + b2 j + b3 k then 

the dot product is a scalar value defined as 

a . b = a1b1+ a2b2 + a3 b3  Or = ||a|| ||b|| cos θ 

Example 1: 100 N force acting on a block making an 

angle 60 deg with the horizontal. If the particle moves 2 

m horizontally under the action of this force, find the 

work done by the force? cos 60 = 0.5 

Example 2: potential difference 

 

.  



Cross product 
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•Let  a and b be two vectors defined as  

a = a1 i + a2 j + a3 k and b = b1 i + b2 j + b3 k then the 

cross product is a vector value defined as 

a x b = (a2b3 – a3b2) i + (a1b3 – a3b1) j + (a1b2 – a2b1) k 

Example 1: 100 N force acting on a wrench (on the horizontal) 

making an angle 30 deg as shown.  Determine the moment 

acting on the nut at position a. sin 60 = 0.5 

Example 2: Magnetic force on a moving charged  

Particle in a magnetic field 

 

i j k 
a1 a2 a3 
b1 b2 b3 

θ = 30 
a       r = 0.1 m 

F = 100 N  



Line Integral 
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•Integral that is performed along a path between two 

points. 

 

 



Surface Integral 
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•Integral that is performed on a surface. 

 

 

 

•If the surface is closed, the it becomes: 
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