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EM basics 22.3MB1 2.1

Electromagnetics: Displacement current, Divergence and
Stokes Theorem, Gradients

22.2MB1
Dr Yvan Petillot
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• Maxwell equation in differential form:
�

 The nabla operator
�

 Gradient of a potential field
�

Divergence of a field
�

Divergence theorem
�

Curl of a field
�

Stokes Theorem

• Vector Calculus memo

• A word on simulation tools
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EM Fields fundamentals
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Inconsistencies of Ampere’s Law
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What is this ?
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Let’s start from the beginning...

Conservation of the charge for varying fields
Charges Cannot be created or destroyed

J : Current flowing out of some volume
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Inconsistencies of Ampere’s Law
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Problem!

Plane surface

Open surface
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Displacement current

We introduce a displacement current as:
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Displacement current

(1) and (2) gives:

t
D

Jd ∂
∂=

�
�

Therefore:

Sd
t

D
JldH

C S

�
�

��
..∫ ∫ 





∂
∂+= Maxwell’ s 2nd Equation for fields

EM basics 22.3MB1 2.8

Application example

Ic

EV

V = V0 cos (wt)

1) Find Ic using standard Circuits theory

2) Find Id using EM theory

Comments ?

EM basics 22.3MB1 2.9

Maxwell equations integral form
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Why Differential form?

• Time Varying fields

• 3D problems

• Needs the determination of fields in specific points in space

• Not very easy to use as a mathematical tool

• Use Differential form

• Nabla Operator

• Divergence

• Gradient

• Curl
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Gradient o f a potential field
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Gradient of a potential: Example
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Gradient of a potential: Example
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Gradient of a potential: Nabla operator
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Gradient of a potential: Example

Consider the following potential:
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Calculate the gradient and derive the field E:
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Divergence of a Vector Field
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Divergence of a Vector Field
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Divergence of a Vector Field
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Divergence of a Vector Field
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Example of divergence
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Example of divergence
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Divergence of a field: Example

Consider the following Field:
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Calculate the divergence of the field E:
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Curl of a Field: Stokes Theorem
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Curl of a Field: Stokes Theorem
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Curl of a Field: Nabla operator
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Curl of a Field: Example
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Curl of a Field: Example
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Curl of a Field: Example
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Curl of a Field: Example 2
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Curl of a Field: Example
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Curl: Calculation example

Consider the following Field:

yx
)yx( a)xysin(aeE

22 FFF
+= +−

Calculate the curl of the field E:
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Calculate the curl of the field E:
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Formulas memorandum
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Formulas memorandum
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Maxwell Equations: Differential form
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Maxwell Equations: Differential form
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Maxwell Equations: Differential form

Divergence Theorem

1-Gauss’s Law dvSdD
S v
∫ ∫= ρ

PP
.

ρ=∇ DQQ .

∫∫∫∫ ∫∫∫ ∇==
VS V

.dV)E.(.dV)E(divSd.E RRRRR



7

EM basics 22.3MB1 2.37

Maxwell Equations: Differential form
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Computational Electromagnetics: Example with Poisson
equation
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Computational Electromagnetics: Example with Poisson
equation
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Computational Electromagnetics: Example with Poisson
equation
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