
Lecture 3
Vector analysis and calculus

Prepared by Dr. Gehan Sami



From David K.Cheng CH2:
Vector Analysis 

• Gradient of a Scalar Field

• Divergence of a Vector Field

• Divergence Theorem

• Curl of a Vector Field

• Stocke’s Theorem

Differential operator 𝛻(Del operator):
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Gradient of a Scalar Field (V1)

It is a vector that its magnitude describes maximum rate of change of a scalar field 

and its direction describes the direction of this maximum rate of change 

at a given point in a given time.
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Properties:
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[x,y]=meshgrid(-5:1:5);[Vx,Vy]=gradient(-x-y);quiver(x,y,Vx,Vy)

hold on;[x,y]=meshgrid(linspace(-5,5,50));

z=-x-y;contour(x,y,z);hold off

f=-x-y
𝛻f=-ax-ay

example

Gradient of a Scalar function f(x,y)



[x,y]=meshgrid(-5:1:5);[Vx,Vy]=gradient(9-x.^2-y.^2);quiver(x,y,Vx,Vy)
hold on;[x,y]=meshgrid(linspace(-5,5,50));
z=9-x.^2-y.^2;contour(x,y,z);hold off
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Gradient of a Scalar function f(x,y)
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Divergence of a Vector Field

Divergence of a vector field A is the net outward flux of A per unit volume as the volume about the point tends to zero
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A divergence applied to a vector and result a scalar value that indicate the amount of vector field A(r) that is
Converging to, or diverging from ,a given point.

source of flux
at point p

sink of flux
at point p

Uniform field
(solenoid field) or 
divergenceless field

Nor source nor sink  of 
flux at point p

source of flux
at point p
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Taylor expansion: get value of function in required position by expansion of function in known position + derivative (changes Of function value from known position to desired position 
multiplied by distance between two positions

Divergence of a Vector Field

We could use taylor expansion to get D at six faces of the cube
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This term vanishes as Δv reach 0 i.e x very close to a





Example:
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Find div A,  plot A in arrow div A in contour





Divergence theorem

We define divergence as the net outward flux per unit volume
So the volume integral of the divergence of a vector field equals the total outward flux of the vector through the surface
that bounds the volume 
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Curl of a Vector Field

Curl of a vector field H ( 𝛻×H ) is a vector (J)whose magnitude is the maximum net circulating of H per unit area as area
tends to zero and whose direction is the normal direction of the area (when the area is oriented to make the net circulation
Maximum)

Used in ampere law:  𝛻×H = J or sdJIldH enc .==
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The curl of a vector field A at a point P may indicates how much the field rotate around P or how much field vary
In direction normal to its flow direction (if we put pin it cause it to rotate)

pin
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Choosing closed paths at yz plane and xz plane and do analogous processes lead to expressions for the y and z components
Of the current density
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Lect_curlfn.m



Another example
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Lect_curlfn2.m
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Stocks’ Theorem

The surface integral of the curl of a vector field over an open surface is equal 
to the closed line integral of the vector along the contour  bounding the surface

 =
s

sdH 0.

For any closed surface no surface bounding contour c exist so curl over any closed surface=0

Stocks’ Theorem:

Note:





https://courses.engr.illinois.edu/ece445/projects.asp

Assignment (Due date 8/11/2020 )
-research on:  electromagnetic train
_____________________________

Project:
-electromagnetic breaking system
-RFID Access control Using Arduino
Required:
-literature review
-theory of operation
-design circuit

Site containing different project ideas in various fields:

https://courses.engr.illinois.edu/ece445/projects.asp

