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Reviews

1. Electrostatic is study of static electric charges.

Static charges produce electric field ( )

2. Magnetostatic is a study of motion electric charges with uniform
velocity.

Motion charges produce current
Steady current-carrying conductor produce magnetic field ( )

Steady current-carrying conductor in magnetic field produce motion force

( , )

3. Electromagnetic is a study of motion electric charges with acceleration.

Relative motion between conductors and a magnetic field produce current.

( or , )
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Electromagnetic Field

1. Electromagnet is a temporary magnet, which its magnetic fields is produced
by electric current.

2. Electromagnetic induction is the process of producing electromotive force
or current in conductor due to relative motion between conductors and a
magnetic field.

3. Electromotive force (EMF) is a potential difference given to the changes by
a battery (in volts).




Electromagnetic Induction

(1)

1. There are two laws of electromagnetic induction.

Faraday’s law states the relationship between induced current and the
change of flux.

Lenz’s law states the direction of induced current.

Faraday’s law states that the magnitude of the induced electromotive force

(EMF) in a closed circuit or conductor is proportional to the rate of change of
the number of lines of magnetic force linking it.

6o
dt

Lenz’s law states that the direction of the induced current is such as to oppose
the change causing it

Electromotive force(EMF)=—
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Motion of force

Magnetic field




Elecitromegnsie Incuction

usingiMaxwelliSjEquation)

By using Maxwell’s equation

88
ot

VxE =

Integrating both sides respect to surface

[(vxE)-as =——jB ds

S

Reduce the double integral to single integral using Stoke’s Theorem

§I§-df=—d2 ®=[B-dS
dt :
Thus,
. dd —=
Electromotive force(EMF)=———| V(EMF)={Edi
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A circular loop of N turns of conducting wire lies in the xy-plane with its
center at the origin of a magnetic field specified by B = 7B, cos(yzr/Zb)sin ot
where b is the radius of the loop and w is the angular frequency. Determine
the emf, Vinduced in the loop.

Using .[ x cos (ax)dx = %[cos(ax)+ axsin(ax)]+C

The magnetic flux Iinking each turn of the circular loop is

—»

cod = rJsin wt |-(22zrdr)
2b

2
&(——1 B, sin wt
T\ 2

Since there are N turn, the total flux linkage is

dod
V f —N—
(emf )= -

8N,
e (E—ljB wcoswt  V (0 OO
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An h by w rectangular conducting loop is situated in a changing magnetic
field B =YB,sinwt  The normal of the loop initially makes an angle o with
w as shown in Figure 1. Determine the induced emf , V in the loop when
the loop is at rest.

When the loop is at rest.

D :j B-dS
S
= (yB, sinwt) - (4,hw)
= B, hwsinwtcosa

Therefore

a0
dt
=—B,hww coswtcosa

[©lecle]
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Mutual Coupling Induction (Transformer) 1

1. For generator, a moving loop with a time-varying area in a static magnetic
field.

2. For transformer, a time-varying magnetic field linking a stationary loop.

primary secondary primary secondary

Step-up Transformer Step-down Transformer
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(Transformer) 2

Principle

a) When the primary colil is connected to source of a.c voltage, the changing
current creates a varying magnetic field.

b) The varying magnetic field is carried through the core to the secondary caoil.

c) In the secondary coil, the varying field induces a varying electromotive force
(EMF).

d) This effect is called mutual inductance
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(Transformer) 3
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Displacement Current Density (1)

AC source

ya
Ammeter

a1

How can the ammeter read any value of current since the capacitor is
an open circuit ?

[©lecle]
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Displacement Current Density (2)

Inducted magnetic fields, H

/

This displacement current does not exist in a time-independent system

VxH=J+
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Displacement Current Density (3)

Question

Verify that the conduction current in the wire equals the displacement
current between the plates of the parallel plate capacitor in the circuit.
The voltage source has V, =V, sinot

Answer
The conduction current in The electric field between the plates
the wire is given by E=V_/d
dV, The displacement flux density
dt D=¢E
= CV,wcosmt

The displacement current is computed from

j— dsS

(8’*%
=| — M,owcoswt
d

= CV_ wcoswt
=1



Plane Wave (1)

1. A uniform plane wave is the wave that the electric field, Eor magnetic
field, H in same direction, same magnitude and same phase in infinite
planes perpendicular to the direction of propagation.

- 1““% | field

i |I\
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: ||IE-
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E{k‘a
\
\

2. A plane wave has no electric field, E and magnetic field, Hcomponents
along its direction of propagation
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Plane Wave (2)

Example

Direction of ele

Direction of propagation

At a particular location z and at the particular time, t, the electric field 9Ey
have the same phase at all points in the transverse plane.
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Plane Wave and Polar Wave

Rectangular waveguide

Circular waveguide

Plane wave Polar wave
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Wave Propagation (Example)

Direction of propagation

Wave Propagate in Coaxial Line
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ave —quations (1)

If the wave is in simple (linear, isotropic and homogeneous )
nonconducting medium ( o =0 ), Maxwell’s equation reduce to

. = oH

VxE=—u—-0 =

VxH =% ¥.H =0
ot

. The first-order differential equations in the two variables E and H.

. They can combineto give E or H alone using second-order
equation.
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\\lave —quations (2)
Example

Using Maxwell’s equation

VxE=—u2 (1) VxH =2 (2 IV-E=o| (3

The curl of equation of (1)

%x%xéz—,ug(Vx H)

Replace equation (2) R
VxVxE =—us

ot?

We know that VxV xE = 6(@- E)—?ZE because of equation (3), thus

P .
a E 4/I Homogeneous vector wave equation I

V?E — ue




ave —quations (3)

1. The wave equation also can written as

V’E-K’E=0 (1)

Assuming an implicit time dependence e!“* in the field vectors.

2. Equation (1) also called Helmholtz equation.

3. The K is called the wave number or propagation constant.

k=ko/&, 1

and C=
_ 27 f 8r /g,u
C

where C is the velocity of light in free space.
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\\ave —quations (Example)

4. For magnetic intensity domain, H

oy o o%H
VH - =
He ot?

0 or V?H — e k?H =0

Example:

For coaxial line, H field is a function of p and z, but independent of ¢.

Therefore, vector wave equation can be simplified to a scalar equation
for H,

o| 1 0o 1 0°
Lrpép(pw)}_—zw_#rkzwZO

9p £, 0z




/Vave cquations (Example)

joe & wexp(=jkr)
H =_1%9%oé " EXPZ JKD) déd
* 2zln(b/a) II r cosg plgdp

2
- a(quﬁ) _ia—H¢_ k*H, =0
op| & pop &, o1°

r2]'l2 Z

(p +p —2ppcos¢+(z z))

Outer region

(z20)

=3

ler region

Integral and Differential Solutions for Coaxial Waveguides
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Plane Wave Propagation in Medium (1)

Direction of wave propagation Direction of wave propagation

I \ I

Lossless Medium

Lossy Medium




_ == Plane Wave Propagation in Medium (2)

Direction of wave propagation

i I
EX
e /
Z

Good Conductor

The fields decrease with penetration, falling to /€ of their surface
values in a distance equal skin depth, o .
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Plane Wave Propagation in Medium (3)

1. For a uniform plane wave with an electric field E =XE,

traveling in
the z-direction, the wave equation can be reduced as

Ty
—~~
N
~—
|
>
m

X

|
>

E e™
RE e %% A2
0

where @ isthe attenuation constant of the medium and f is its
phase constant
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Plane Wave Propagation in Medium (4)
3. The K is called the wave number or propagation constant.
K* =K &, 14,

or SELACESEY

r

4. The wave number can also be written in terms of @ and B .

k? =(a+ip)
= (@? - p?)+ j2ap
5. Thus,
a’ = =k, 1 (1)
203 = K, p,. &/ (2)
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Plane Wave Propagation in Medium (5)

6. By solving the (1) and (2),




- oowutmmy ®urM

Plane Wave Propagation in Medium (6)

Lossless Medium Low-loss Medium Conductor

O
a=0 a=E ﬁ a:,/;z'f/uo'
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Plane Wave Propagation in Medium (7)

7. The associated magnetic field, H

H(z)=yH

y

<
= ‘OITI = ‘xl'l'll

e—aze—jﬂz

=y

where 7 is the intrinsic impedance of the medium.
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Electromagnetic Phenomena are described by using four Maxwell’'s equations

Maxwell’s equation

Gauss’s Law

(Electric fields)

Integral form:
gom E-dS=

Left

R

q

[
ight

Description

Information

Left side:

The number of electric field
lines — perpendicularly passing
through to a closed surface, S

Right side:
Total amount of charge,
contained within that surface, .

Differential form:

eV-E= p
-
Left Right

Left side:

Divergence of the electric
field, E — the tendency of the
field to “flow” away from a
specified location.

Right side:
Electric charge density, p

Electric charge produces an
electric field, Eand the flux of
that field passing through any
closed surface is proportional to
the total charge, g contained
within that surface.

Charge on an insulated
conductor moves  outward
surface.

The electric field, E produced
by electric charge diverges from
positive charge and converges
upon negative charge.

The electric field, Eis tendency
to propagate perpendicularly
away from a surface charge.
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Gauss’s Law

(Magnetic fields)

Integral form:

,uo[ﬂ H.dS = 0
T Right

Left side:
The number of magnetic field

lines —  perpendicularly
passing through a closed
surface.

Right side:

Identically zero.

Differential form:

uV-H=0
———

-
Loft Right

Left side:

Divergence of the magnetic
field — the tendency of the
field to “flow” away from a
point than toward it.

Right side:
Identically zero.

The total magnetic flux passing
through any closed surface is
Zero.

Flux enter the closed surface is
same with the flux come out
from the surface.

The divergence of the
magnetic field at any point is
Zero.

™

PR R
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Integral form:
Faraday’s Law ~ Left side: Changing magnetic flux
- OH ;| The circulation of the vector|through a surface induces
[_ﬂCE'dl —_ﬂoJ‘SE'dS electric field, E around a closed |an emf in any boundary

path, C.

Right side:

The rate of change with time
(d/dt) of magnetic field, through
any surface, S.

path, C of that surface,
and a changing magnetic
field, H induces a
circulating electric field.

Differential form:

S H
GxEo_p M
Left at

Right

Left side:

Curl of the electric field, — the
tendency of the field lines to
circulate around a point.

Right side:
The rate of change of the

magnetic field, H over time
(d/dt)

A circulating electric
field, is produced by a
magnetic  field, H that
changes with time.
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Integral form:
Ampere’s Law Left side: An electric current or a
= The circulation of the|changing electric flux
- . 0E)| - S -
[ﬂcH'dl :j J,+¢ — |-dS| magnetic field, Haround a|through  a  surface
S ot closed path, C. producgs a circulating
Left . v / magnetic field around any
Righ Right side: path, C that bounds that
Two sources for the magnetic | surface.
field, H; a steady conduction
current, jc and a changing
electric field, g through any
surface, bounded by closed
path, C.
Differential form:
= Left side: A circulating electric
VxH=J +¢ E Curl of the magnetic field, —|field, is produced by a
~ ©% ot the tendency of the field lines | magnetic ~ field, H that
Right to circulate around a point. changes with time.

Right side:

Two terms represent the
electric current density, J, and
the time rate of change of the
electric field, E .

An electric current, or a
changing electric field,
through a surface
produces a circulating
magnetic field, Haround
any path that bounds that
surface.
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