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Radiation mechanism of an antenna-Maxwell equation :

Maxwell's Equations are a set of four vector-differential equations that govern
all of electromagnetics (except at the quantum level, in which case we as antenna
people don't care so much). They were first presented in a complete form by
James Clerk Maxwell back in the 1800s. He didn't come up with them all on his
own, but did add the displacement current term to Ampere's law which made them

complete.

The four equations (written only in terms of E and H, the electric field and the
magnetic field), are given below.

V.E= a3 (Gauss' Law)
£

V-H=0 (Gauss'Law for Magnetism)

VXxE=- p% (Faraday's Law)

CE

VxH=J+¢ 5 (Ampere's Law)

In Gauss' law, /- is the volume electric charge density, J is the electric current
density (in Amps/meter-squared), £ is the permittivity and # is the permeability.
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1.Monopole Antenna :

« A monopole antenna is a class of radio antenna consisting of a straight rod-shaped
conductor, often mounted perpendicularly over some type of conductive surface,

called a ground plane.

N Length = )04
Merogole =
- Artennay

Conductive
Ground
' »
ﬁ ‘ f
‘ Coaxial
Cowninl Ground
Signal Pia

o The driving signal from the transmitter is applied, or for receiving antennas the output
signal to the receiver is taken, between the lower end of the monopole and the ground
plane.

e One side of the antenna feedline is attached to the lower end of the monopole, and the
other side is attached to the ground plane, which is often the Earth.

o This contrasts with a dipole antenna which consists of two identical rod conductors,
with the signal from the transmitter applied between the two halves of the antenna.

o The monopole is often used as a resonant antenna; the rod functions as an open
resonator for radio waves, oscillating with standing waves of voltage andcurrent

along its length.



o Therefore the length of the antenna is determined by the wavelength of the radio
waves it is used with.

o The most common form is the quarter-wave monopole, in which the antenna is
approximately one quarter of the wavelength of the radio waves.

o However in broadcasting monopole antennas 5/8 = 0.625 wavelength long are also
popular, because at this length a monopole radiates a maximum amount of its power
in horizontal directions.

« The monopole antenna was invented in 1895 by radio pioneer Guglielmo Marconi; for
this reason it is sometimes called the Marconi antenna.

« Common types of monopole antenna are the whip, rubber ducky, helical, random
wire, umbrella, inverted-L and T-antenna, inverted-F, mast radiator, and ground plane
antennas.

e A monopole has an omnidirectional radiation pattern: it radiates with equal power in
all azimuthal directions perpendicular to the antenna.

o However, the radiated power varies with elevation angle, with the radiation dropping
off to zero at the zenith of the antenna axis.

« It radiates vertically polarized radio waves.

2.Dipole Antenna :
Half Wave Dipole :

o A folded dipole is an antenna, with two conductors connected on both sides, and
folded to form a cylindrical closed shape, to which feed is given at the center. The
length of the dipole is half of the wavelength. Hence, it is called as half wave folded
dipole antenna.

ncy range

o The range of frequency in which half wave folded dipole operates is around 3KHz to
300GHz. This is mostly used in television receivers.

nstruction & Working of Half- Dipole

« This antenna is commonly used with the array type antennas to increase the feed
resistance. The most commonly used one is with Yagi-Uda antenna. The following
figure shows a half-wave folded dipole antenna.

Current

~ Half wave dipole ™~

-A/a + A/
ﬁ r

Feed line




o This antenna uses an extra conducting element (a wire or a rod) when compared with
previous dipole antenna. This is continued by placing few conducting elements in
parallel, with insulation in-between, in array type of antennas.

o The following figure explains the working of a half-wave folded dipole antenna, when
itis provided with excitation.

A2 l

Vo

o If the diameter of the main conductor and the folded dipole are same, then therewill
be four folded (two times of squared one) increase in the feed impedance of the
antenna.

» This increase in feed impedance is the main reason for the popular usage of this
folded dipole antenna. Due of the twin-lead, the impedance will be around 300Q.

Radiation Pattern

o The radiation pattern of half-wave folded dipoles is the same as that of the half-wave
dipole antennas.

o The following figure shows the radiation pattern of half-wave folded dipole antenna,
which is Omni-directional pattern.

Side view Top view

o Half-wave folded dipole antennas are used where optimum power transfer is needed
and where large impedances are needed.
o This folded dipole is the main element in Yagi-Uda antenna. The following figure

shows a Yagi-Uda antenna, which we will study later.
e The main element used here is this folded dipole, to which the antenna feed is given.

« This antenna has been used extensively for television reception over the last few
decades.



The following are the advantages of half-wave folded dipole antenna —

- Reception of balanced signals.
- Receives a particular signal from a band of frequencies without losing the quality.

« A folded dipole maximizes the signal strength.

Dis ntages
The following are the disadvantages of half-wave folded dipole antenna —

= Displacement and adjustment of antenna is a hassle.
- Outdoor management can be difficult when antenna size increases.

Applications

The following are the applications of half-wave folded dipole antenna —

- Mainly used as a feeder element in Yagi antenna, Parabolic antenna, turnstile antenna,
log periodic antenna, phased and reflector arrays. etc.

- Generally used in radio receivers.

- Most commonly used in TV receiver antennas

Full i :

- If the length of the dipole. i.e. the total wire, equals the full wavelength 2, then it is
called as full wave dipole.

ns ion Working of Full-w i 1

e The full-wave dipole with its voltage and current distribution is shown here. Both the
positive and negative peaks of the wave induce positive and negative voltages
respectively.



3.Omni-Directional Antenna :

» An omnidirectional antenna is a class of antenna which radiates equal radio power
in all directions perpendicular to an axis (azimuthal directions), with power varying
with angle to the axis (elevation angle), declining to zero on the axis.



HEVASCREATI % NUMUTH PAFIESH

When graphed in three dimensions this radiation pattern is often described as
doughnut-shaped.

Note that this is different from an isotropic antenna, which radiates equal power in all
directions, having a spherical radiation pattern.

Omnidirectional antennas oriented vertically are widely used for nondirectional
antennas on the surface of the Earth because they radiate equally in all horizontal
directions, while the power radiated drops off with elevation angle so little radio
energy is aimed into the sky or down toward the earth and wasted.

Omnidirectional antennas are widely used for radio broadcasting antennas, and in
mobile devices that use radio such as cell phones, FM radios, walkie-talkies, wireless
computer networks, cordless phones, GPS, as well as for base stations that
communicate with mobile radios, such as police and taxi dispatchers and aircraft
communications.

Common types of low-gain omnidirectional antennas are the whip antenna, "Rubber
Ducky" antenna, ground plane antenna, vertically oriented dipole antenna, discone
antenna, mast radiator, horizontal loop antenna (sometimes known colloquially as a
'circular aerial' because of the shape) and the halo antenna.

Higher-gain omnidirectional antennas can also be built. "Higher gain" in this case
means that the antenna radiates less energy at higher and lower elevation angles and
more in the horizontal directions.

High-gain omnidirectional antennas are generally realized using collinear dipole
arrays.

Omnidirectional radiation patterns are produced by the simplest practical antennas,
monopole and dipole antennas, consisting of one or two straight rod conductors on a
common axis. Antenna gain (G) is defined as antenna efficiency (e) multiplied by

antenna directivity (D) which is expressed mathematically as: G=eD.
A useful relationship between omnidirectional radiation pattern directivity (D) in
decibels and half-power beamwidth (HPBW) based on the assumption of a

sin(b) /b8 pattern shape is:

101.
Dml‘Jlﬁng( o )

HPBW - 0.00272 HPBW?
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(a) Parallel-wire (b) Coaxial

Fig.9.5 Transmission-line geometry.

For the parallel-wire line, we have

Z,= 276 log% 0 (9.4)
For the coaxial line, this is
138 D

Z,=—=log— () 9.5

=Tk oy (9.3)

where £ = diclectric constant of the insulation.
Note that the figure 138 is equal to 12071/e, where 120 7= 377 Q is the impedance of free space, and e 15

the base of the natural logarithm system; 276 is 2 X 138.
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/i and Q SIGNAL: - | B S
> The I and Q signals are derived ﬁom colour dxﬁ'erence A X T
- signal that are (R - Y) and (B - Y). h

>. The “I” Slgnal lies in the vision of + 330 counter

- clockwise to + (R - Y). The “Q” Signal lies in the vision

of + 33° counter clockwise to + (B - Y). : o~
> The I and Q signals are always right angle to each other. :

> For I signal, the bandwidth extends to 0.5 MHz on the

upper side and 1.5 MHz on the lower side.

> (8-Y)

> Thus the Band Wldth of 2 MHz £2 MHz used for I signal. } u
3 | channel bandwidth of 1 MHz ~(R-Y)
ALy SIgnal_has e, - Phase relationship of colour signals in NTSC. system

(+0.5MHz).
* Therefore the Total Band Wldth required for the I and Q signal is 2MHz.
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- The moving electrons speed is not greater than light velocity but less than the light
speed.

But the RF signal which is given at one end of helix path which speed is equal tg
light velocity.

For interaction the RF signal (or RF field) and the moving focused electron should
move in same velocity and then they can interact at output side and velocity

modulation or bunching can be produced.

For getting the equal velocity of electron beam for the RF field, the RF signal is
passed through this helical slow wai}e structure path. As a result the velocity of RF
field signal decreases. The decreasing is done by the structure in such way that to
reach the same velocity of electron beam. So that interaction will take place means

Bunching is occured and output is taken other end of the helix.

So when bunching electron interacts with RF signal, electrons release the energy
and RF signal is amplified means more energy is available and it is extracted at the

output path. So due to speeded bunch electrons interaction with RF signal,
Amplification occurs.

So TWT is called an Amplifier.




Slow wave structure

(Helical slow wave structure)
(Equivalent circuit for one turn of helix)
Fig. 5.11

Slow wave structure are special circuit used in microwave tubes to reduce the
wave velocity in a certain direction so that the electron beam and the signal wave

can interact.
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