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Introduction
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• Radiation may be thought of as the process of transmitting electric energy. The

radiation or launching of the waves into space is efficiently accomplished with the

aid of conducting or dielectric structures called antennas.

• Theoretically, any structure has capability to radiate but only few structures can

radiate efficiently

• Antenna – a structure which behaves as a transducer matching a transmission line

or a waveguide to the surrounding medium or vice versa

• The antenna is needed for two main

reasons: efficient radiation and

matching wave impedances in order to

minimize reflection.

• The antenna uses voltage and current

from the transmission line (or the EM

fields from the waveguide) to launch an

EM wave into the medium.

• An antenna may be used for either

transmitting or receiving EM energy.
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• The dipole antenna in Figure (a) consists of two
straight wires lying along the same axis.

• The loop antenna in Figure (b) consists of one or more
turns of wire.

• The helical antenna in Figure (c) consists of a wire in
the form of a helix backed by a ground plane.

• Antennas in Figure (a-c) are called wire antennas; they
are used in automobiles, buildings, aircraft, ships, and
so on.

• The horn antenna in Figure (d), an example of an
aperture antenna, is a tapered section of waveguide
providing a transition between a waveguide and the
surroundings. Since it is conveniently flush mounted,
it is useful in various applications such as aircraft.

• The parabolic dish reflector in Figure (e) utilizes the
fact that EM waves are reflected by a conducting
sheet. When used as a transmitting antenna, a feed
antenna such as a dipole or horn, is placed at the
focal point. The radiation from the source is reflected
by the dish (acting like a mirror) and a parallel beam
results. Parabolic dish antennas are used in
communications, radar, and astronomy.

Types of Antennas
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Steps to determine the radiation fields by an Antenna
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Hertzian dipole

• It is an infinitesimal current element whose length is less than 0.1λ

• Consider the Hertzian dipole.

• It is located at the origin of a coordinate system and carries a uniform current (constant

throughout the dipole), I = Io cos ωt
The retarded magnetic vector potential at the field 

point P, due to the dipole, is given by

[I] is the retarded current given by

The current is said to be retarded at point P,because there is a 

propagation time delay r/u or phase delay βr from O to P
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Rewrite A in phasor form as

Transforming this vector in Cartesian to spherical coordinates

where
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This term is called the

electrostatic field since

it corresponds to the

field of an electric

dipole. This term

dominates over other

terms in a region very

close to the Hertzian

dipole.

This term is called

the inductive field,

and it is predictable

from the Biot-

Savart law. The

term is important

only at near field,

that is, at distances

close to the current

element.

This term is called 

the far field or 

radiation field 

because it is the only 

term that remains at 

the far zone,that is, at 

a point very far from 

the current element. 

Here, we are mainly 

concerned with the

far field or radiation 

zone
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we define the boundary between the near and the far zones by the value of r given by

where d is the largest dimension of the antenna.
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This power is equivalent to the power dissipated in a fictitious resistance Rrad by current

I = Io cos ω t that is

where Irms is the root-mean-square value of I.
The resistance Rrad is a

characteristic property of

the Hertzian dipole

antenna and is called its

radiation resistance.

• Antennas with large radiation resistance can deliver high amounts of power

• An Hertzian dipole has a small radiation resistance (approx. 2 ohms) and hence it 

cannot be easily matched to a real transmission line

• A more useful antenna is a half wave dipole
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Half-wave dipole antenna

• The half-wave dipole derives its name from the fact that its length is half a wavelength.

• It consists of a thin wire fed or excited at the midpoint by a voltage source connected to 

the antenna via a transmission line (e.g., a two-wire line). 

• The field due to the dipole can be easily obtained if we consider it as consisting of a chain 

of Hertzian dipoles. 

• The magnetic vector potential at P due to a differential length dl(= dz) of the dipole 

carrying a phasor current Is = Io cos  βz is

For the phase term 

in the numerator 

replace 
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Half-wave dipole antenna
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The half-wave dipole antenna has much high resistance and capability to radiate 

greater amounts of power than the Hertzian dipole

The half-wave dipole derives its name from the fact that its length is half a wavelength. it 
consists of a thin wire fed or excited at the midpoint by a voltage source connected to the 
antenna via a transmission line (e.g., a two-wire line).



Quarter-wave monopole antenna
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The quarter-wave monopole antenna consists of one-half of a half-wave dipole antenna

located on a conducting ground plane as in Figure.

The monopole antenna is perpendicular to the plane, which is usually assumed to be
infinite and perfectly conducting.

It is fed by a coaxial cable connected to its base.
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Antenna Characteristics 
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A. Antenna Patterns

When the amplitude of a specified component of the E field is plotted, it is

called the field pattern or voltage pattern. When the square of the

amplitude of E is plotted, it is called the power pattern.



Antenna characteristics 
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B. Radiation Intensity

The radiation intensity of an antenna is defined as

the total average power radiated can be expressed as
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C. Directive Gain
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D. Power Gain

Pin is the power accepted by the antenna at its terminals during the radiation process, and 

Prad is the power radiated by the antenna; the difference between the two powers is P(, the 

power dissipated within the antenna.

The ratio of the power gain in any specified direction to the directive gain in that direction

is referred to as the radiation efficiency
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