
Antennas

Transmission lines and waveguides are devices used to transmit
signals in the form of guided electromagnetic waves from a source
(generator) to a load.  Antennas may be used to transmit signals from a
source to a load in the form of directed but unguided waves.

Guided Wave Source-Load Connection

    Examples - power transmission lines, long-haul communications
(optical fiber systems), cable television/internet

Unguided Wave Source-Load Connection

    Examples - all wireless applications (phones, Wi-Fi networks, etc.),
broadcast television/radio, satellite TV, GPS, radar 

Antenna - a device used to radiate and/or receive electromagnetic
waves. 



Major Classes of Antennas

Wire Antennas - monopole, dipole, loop, helical

Aperture Antennas - horn, slot, microstrip patch

Reflector Antennas - parabolic dish, corner reflector

Antenna Characteristics

Antenna impedance - an antenna must be matched to the connecting
transmission line or waveguide for efficient radiation or
reception.

Radiated power - the amount of power radiated by a transmit antenna 
will  limit the separation distance between the transmit and
receive antennas.

Directivity - the direction in which an antenna radiates or receives
power will dictate how the transmit and receive antennas should
be positioned (the radiation pattern of the antenna defines the
antenna radiated power as a function of direction).

Efficiency (losses) - the amount of power dissipated by the antenna 
should be small in comparison to the amount of power radiated
in order to minimize the source power requirements.

Reciprocity - most antennas are reciprocal (radiation characteristics 
are equivalent to the reception characteristics).  Examples of 
non-reciprocal antennas are those containing nonlinear
materials.

Polarization - the orientation of the fields radiated by the antenna 
define the antenna polarization.



Radiation regions - the volume surrounding the antenna can generally
be subdivided into three regions based on the characteristics of
the radiated fields in these regions.

Reactive Near Field - the region immediately surrounding the
antenna where the reactive field (stored energy - standing
waves) is dominant.

Near-Field (Fresnel region) - the region between the reactive
near-field and the far-field where the radiation field
(propagating waves) is dominant and the field distribution
is dependent on the distance from the antenna.

Far-Field (Fraunhofer region) - the region farthest away from
the antenna where the field distribution is essentially
independent of the distance from the antenna (propagating
waves).

Antenna-Related Concepts

Electromagnetic Interference (EMI) - radiation from external sources
that couples to a device, and can negatively impact
performance.  EMI can be generated by devices not designed to
act as antennas.

Electromagnetic Compatibility (EMC) - designing systems to
minimize the problems with EMI.



















There are three different techniques that we can use to find the electric field
of the infinitesimal dipole:

â Determine the electric field in terms of electric scalar potential
and magnetic vector potential (requires an additional integral to
determine the electric scalar potential).

ã Determine the electric field in terms of magnetic vector
potential only (does not require an additional integral but does
require a complicated differentiation).

ä Determine the electric field from the source-free Maxwell’s
equations (requires a less complicated differentiation of the 
magnetic field).

Using option ä,

Since the magnetic field of the infinitesimal dipole contains only a ö 
component, the derivatives involving the R and è components are zero.
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The antenna radiation resistance is a parameter that provides a way
of comparing the total radiated power of one antenna to another.  If the
antenna terminal current is defined as I, the radiation resistance for the
antenna is the resistance that would dissipate the same time average power
as that radiated by the antenna, given a resistor current of I.   Thus, if the
radiation resistance of antenna A is larger than that of antenna B, then
antenna A radiates more power than antenna B given the same terminal
current for both antennas. 

The total radiated power of the antenna can be defined in terms of rms or
peak current at the antenna terminals.

where





























Example  (Mismatched antenna with losses)

rad loss AConsider an antenna (R  = 51 Ù, R  = 1 Ù, X  = 35 Ù) connected
to a 50 Ù transmission line.  Determine the percentage of power
available from the source that is (a.) reflected from the antenna, (b.) 
delivered to the antenna and (c.) radiated by the antenna.

The overall antenna impedance is

The reflection coefficient at the antenna terminals is given by

The percentage of reflected power to the incident power is

(a.) Thus, 10.57% of the incident power is reflected from the antenna
(b.) 89.43% of the incident power is delivered to the antenna.

The antenna efficiency is given by

(c.) Thus, 98.08% of the power delivered to the antenna is radiated by
the antenna Y 0.8943×0.9808 = 0.8771 (87.71% of the incident
power is radiated by the antenna)



At the frequencies used for typical antenna applications (MHz and
above), the current on a wire antenna tends to crowd toward the outer
surface of the conductor due to the skin effect.  At these frequencies, the
skin depth ä is small compared to the wire radius a.  The resistance of a

cwire of radius a and length l with conductor permeability ì  and

cconductivity ó  is given by 

The high frequency resistance formula above assumes that the current
on the conductor is sinusoidal in time and independent of position along the
conductor (like that seen on a matched transmission line).  On a dipole
antenna, the current must approach zero at the ends of the wires, making
the current amplitude a function of position.  It can be shown that the loss
resistance for a dipole antenna (short dipole or half wave dipole) is
approximately one half of the high frequency resistance shown above, such
that

Note that the resistance formula above is only valid for the special cases of
a short dipole and a half-wave dipole..



Example (Antenna efficiency)

Determine the radiation efficiency for the following 12 gauge (a =
1.027mm) copper wire antennas operating at 50 MHz (a.) a short
dipole of length ë/30 (b.) a half-wave dipole.

(a.) Short dipole (l = ë /30)

(a.) Half-wave dipole (l = ë /2)



The half-wave dipole is commonly used antenna because it is simple,
cheap, and efficient.  By trimming the length of the half wave dipole to
make it resonant, this antenna also yields an efficient match to a 75 Ù
transmission line with no matching network.

























Given that the power density in the far field of any antenna varies as (1/R ),2

the product of R  and the antenna power density yields a function of è and2

ö only which is defined as the radiation intensity function [U(è,ö)].

The directive gain of the antenna can be written in terms of the radiation
intensity function as

The directive gain is a measure of the ability of the antenna to concentrate
radiated power in a given direction.  If an antenna has a directive gain of 2
in a given direction, then that antenna produces 2 times the power density
of an isotropic radiator in that direction, given the same total radiated
power.  By definition, the directive gain of an isotropic radiator is unity. 

Note that the directive gain is, in general, a function of both è and ö since
no physical antenna radiates isotropically.

The maximum directive gain of an antenna is defined as the
directivity [D] of the antenna.

The maximum directive gain may occur in one particular angle or over a
range of angles.  In any case, the directivity is given as a single number. 

The directive gain of an antenna is defined in terms of the total power

radradiated by the antenna (P ), not the power delivered to the antenna

interminals (P ).  As such, the directive gain does not account for the losses
in the antenna.  The real power delivered to the antenna terminals is equal
to the sum of the ohmic losses in the antenna and the real power radiated
by the antenna.






































































