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Electromagnetics

1. Electric Flux

— The concept of Electric Flux

The total number of lines (electric field line density) penetrating a surface
of area (3) is proportional to the product of that electric field time the area.

The Electric Flux () is defined as the product of electric field magnitude

o, Arca = §
(A time the surface area (! ) )
/

—

nooo8

In SI units, the units of electric flux is: [—]

Electric flux is proportional to the number of electric field lines penetrating
the surface.

The electric flux is a SCALAR value takes any value (zero, positive or

negative)
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1. Electric Flux

— Electric Flux Density

The Electric Flux Density (75\) is a vector field defined as the density of

electric field lines crossing a squared meter of surface area.

The electric flux density relates to the electric field (in free space) by:
A XA

A general form of electric flux density for charge distribution

o

ELECTROMAGNETIC FIELDS By Ahmed
W.

By Ahmed Wael

3/4/2018



Electromagnetics

| 1.Electric Flux

— Closed Surface Electric Flux

We are often interested in
evaluating the flux through a
closed surface, defined as a
surface that divides space into
an inside and outside region so
that one cannot move from one
region to the other without
crossing the surface.

In the figure, the vector (yﬁ) is a3,
always normal to the surface
elements and the electric field
vector is always pointing from g
inside to outside.
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— Closed Surface Electric Flux

At the element labeled (1), the field lines are crossing the surface from the
inside to the outsideand [ TT, the flux is positive.

At the element labeled (2), the field lines are graze the surface from the
inside to the outsideand [ W TI, the flux is zero.

At the element labeled (1), the field lines are crossing the surface from the
inside to the outsideand p YJT [ W T, the flux is negative.

In other words: If more lines are leaving than entering, the net flux is
positive. If more lines are entering than leaving, the net flux is negative.

The flux of closed surface is:

n AR %A 3
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3.1:2. Gauss’'s Law

— The Gauss’s Law

* Consider a positive point charge ( N) located at
the center of a sphere of radius (Q as shown in
figure.

* The electric field lines are radially pointing
outward of the sphere and perpendicular to the
sphere’s surface element everywhere.

* The electric Flux is: \
-

n AR % A3 %3

Spherical Charge | ds
Distribution = .

g N R ,
9 _ noo \ q y E
3 1AOh ) N O {TAO)
N R N
TAX O (TA0) P —
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) 2 . Gauss’'s Law

— The Gauss’s Law — The 1* equation of ]J. C. Maxwell

* The integral form of Gauss’s law:

- .. BN - -
ARy —— 10 RAIR N

X

¢ The Differential For od Gauss law:
JFA m

* This equation shows that the net flux through the spherical surface is
proportional to the charge inside the surface.

* The flux is independent of t}le radius (Q because the area of the spherical
surface is proportional to O , whereas the electric field is proportional to
(—). Therefore, in the product of area and electric field, the dependence
on (O cancels.
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Gauss’ s Law

— Gauss’s Law for Charge Distribution

*  For several point charges, Gauss’s law:

~ . BN . .
A —— 10 AW N

X

* Line Charge Distribution:

- LYAT -
A —— 1O AR 1A

X
* Surface Charge Distribution (not necessarily closed surface):
mowe o KA3 )
ADAR ~ I O AR AA3

* Volume Charge Distribution:

o = S

AN —— 10 RAF  mAO
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— Symmetrical Condition
* The solution using Gauss’s law is hold only if:

X The symmetry argument should be exist. If it is not existed, then we cannot
use Gauss’s law

% The electric field vector is either normal or tangential to the closed surface.
X On that portion of the closed surface for which the dot product of A}
then % constant.

% The electric field vector should be either pointing away from positive charge
or pointing toward a negative charge.

* Three Gaussian surfaces are used to perform symmetry argument:

Surface Symmetry Cylindrical Symmetry Spherical Symmetry
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43.. Applications of Gaus

— A spherical Symmetric Charge Distribution

A conducting spherical shell of radius (2) carries a total positive charge 0
uniformly distributed over its surface. Calculate the magnitude of the electric
field at a point (Q inside and outside the sphere.

* Since the charges are uniformly distributed over the
sphere surface in a symmetric manner, we apply
Gauss law.

* Choosing the Gaussian surface is very crucial to

satisfy that the dot product of ADA has an angle of
either 0 or 180. (The Gaussian surface is sphere).

* Since the shell has a charge of ( N), the normal to
the surface area of the shell and the electric field are

pointing in the same direction. ARG %3
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3. Applications of Ga

— A spherical Symmetric Charge Distribution
+ - A0 2):

A%

N N
% 2 OFAJ Arg-

X
+  Since there is no net charge inside the shell, no electric filed is
zero (% ) I

« At(O 2):
- N oo . N !
AAR S % 2 OHIAJ Anx— '
. N N
TIAO% — % ——
X TAX O
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— A spherical Symmetric Charge Distribution

An insulating solid sphere of radius (A has a uniform volume charge density

(") and carrier a total positive charge ( 1). Calculate the magnitude of (7:59
at a point outside and inside the sphere.

Gaussian
/ sphere

Gaussian
sphere
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Applications of Gau g

)3 . Applications of Ga u s

— A spherical Symmetric Charge Distribution
* For (O A:

~> . . N P s~ . 3 1
RO % A3 % OOE HAn o

! 1 ol
TA"NO% — % <
X AX O
« For (O A): we calculate the electric field in

this case for smaller sphere of volume O.

1 v} N\(II\O)
o

- 1 R ™0
A % A — % —
AT % A3 < TAO% o~
mO

% -

oxX
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— Conceptualization

*  This result for (99 differs from the one obtained in part (O A). It shows that
(% 1) as (O° TI). Therefore, the result eliminates the problem that would

existat (O T0) if (%) varied as (—) inside the sphere as it does outside the

sphere. That is, if (%9 —) for (O A), the field would be infinite at (O 17,
which is physically impossible.
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Applications of Gau g

— A cylindrically symmetric charge distribution

find the electric field a distance (Q from a line of positive charge of infinite
length and constant charge per unit length.

moae N iy
AONT X_ N X% A3 Gaussian k.
surface -
/b F——y
N X% OAn AY9% AJB .
n G“-» :
3 ¢ s
% N AOON b "
¢AX Ob
+
% — :
P KO
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Applications of Gau g

— Analysis
This result shows that the electric field due to a cylindrically symmetric
charge distribution varies as (—) , whereas the field external to a spherically

symmetric charge distribution varies as (—) Equation found can also be

derived by direct integration over the charge distribution.
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Applications of Gau s
— A Plane of Charge

Find the electric field due to an infinite plane of positive charge with uniform

surface charge density (., )

e R ) *
AN — N X% A3 P
X x X
X
N X %3 X'\’)( )()(x
. X \
2 X X S
E ~
X
ButN £ 3 )()( /
‘)(X ey
A3 X %3 e S
X)( :
A X
% X_ [ ¥ Gaussian

surface
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] 4. Conductors in Electrostatic Equilibrium

— Conductors in Electrostatic Equilibrium

* A good electrical conductor contains charges (electrons) that are not

bound to any atom and therefore are free to move about within the

material. When there is no net motion of charge within a conductor, the

conductor is in electrostatic equilibrium.

* A conductor in electrostatic equilibrium has the following properties:

X

The electric field is zero everywhere inside the conductor, whether the
conductor is solid or hollow.

If the conductor is isolated and carries a charge, the charge resides on its

surface.

X The electric field at a point just outside a charged conductor is

perpendicular to the surface of the conductor and has a magnitude (—),

where s is the surface charge density at that point.

X On an irregularly shaped conductor, the surface charge density is greatest at

locations where the radius of curvature of the surface is smallest.
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4. Conductors in Electrostatic Equilibrium

— Conductors in Electrostatic Equilibrium

We can understand the first property by considering a o

conducting slab placedin an external field (A). The =
electric field inside the conductor must be zero, E
assuming electrostatic equilibrium exists. If the field
were not zero, freeelectrons in the conductor would
experience an electric force(# A and would
accelerate dueto this force. This motion of electrons,
however, would mean that the conductor is not in
electrostatic equilibrium. Therefore, the existence of
electrostatic equilibrium is consistent only with a zero
field in the conductor.
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4. Conductors in Electrostatic Equilibrium

Conductors in Electrostatic Equilibrium

Before the external field is applied, free electrons are uniformly distributed
throughout the conductor.

When the external field is applied, the free electrons accelerate in one side,
causing a plane of negative charge to accumulate to one side of the surface.
The movement of electrons to the opposite side results in a plane of positive
charge on the right surface.

These planes of charge create an additional electric field inside the conductor
that opposes the external field.

As the electrons move, the surface charge densities on the left and right
surfaces increase until the magnitude of the internal field equals that of the
external field, resulting in a net field of zero inside the conductor.

The time it takes a good conductor to reach equilibrium is on the order of
10216 s, which for most purposes can be considered instantaneous.
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