
Lecture 2
Vector analysis and calculus

Prepared by Dr. Gehan Sami



Vectors and Scalars

Vector : has both magnitude and direction in space as velocity, force, electric field
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Scalar quantity : has magnitude only as temperature, mass, volume,….etc.
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Vector     scalar        unit vector 

Other notation 



wind map
every point has a vector has magnitude (velocity of
wind) and direction (of velocity).

vector field examples

water flow
The vector velocity field of water on the surface of a river
shows the varied speeds of water.
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pointSource

The Cartesian Coordinate System

Direction from source 
To observation point

Distance between source 
and observation point





Vector Multiplication:

The dot Product(Scalar Product)
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the result is scalar
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scalar

Unit vector



The Cross Product(Vector Product)
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Notes:
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Result is vector perpendicular to A&B



Other Coordinate Systems: Circular and cylindrical coordinates

Cylindrical coordinates (𝜌,𝜙,z)
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Differential length:

zadzadadld ˆˆˆ ++=  


zaddadzdadzdSd ˆˆˆ   ++=

Differential area:

Differential Volume:

dzdddv =

0 ≤ 𝜌<∞, 0 ≤𝜙 ≤2π,    - ∞ ≤ Z ≤ ∞ 

variation:



Relation between Cylindrical and cartesian coordinates 

If I have 𝜌, 𝜑 and z

X= 𝜌cos 𝜑

y= 𝜌sin 𝜑

Z=Z

If I have x, y and z
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Spherical coordinates (r, 𝛳 ,𝜙)

 aPaPaPP rr
ˆˆˆ ++=

variation:

0 ≤ r<∞, 0≤ 𝛳 ≤ π, 0 ≤𝜙 ≤2π

Differential length:

Differential area:

Differential Volume:

  adrardadrld r
ˆsinˆˆ ++=



  adrrdadrdraddrSd r
ˆˆsinˆsin2 ++=

 ddrdrdv sin2=



Relation between spherical and cartesian coordinates 

X=rsin𝛳cos𝜑

Y=rsin𝛳sin𝜑

Z=rcos 𝛳

If I have r, 𝛳and 𝜑 x,y,z
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