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Antennas are essential components of all radio equipment, and are used in radio 
broadcasting, broadcast television, two-way radio, communications receivers, radar, cell phones, 

satellite communications, and other devices.



The first antennas were built in 1888 by German physicist Heinrich Hertz in his pioneering 
experiments to prove the existence of electromagnetic waves predicted by the theory 
of James Clark Maxwell. 

Heinrich Hertz 
22 February 1857 – 1 January 1894

James Clark Maxwell
13 June 1831 – 5 November 1879



Marconi's first transmitter incorporating 
a monopole antenna. It consisted of an 

elevated copper sheet

The monopole antenna reduced the 
frequency of the waves compared to 

the dipole antennas used by Hertz, and 
radiated vertically polarized radio waves 

which could travel longer distances. 

Marconi's experimental apparatus proved 
to be the first engineering-complete, 

commercially successful radio 
transmission system.

Guglielmo Marconi,
25 April 1874 – 20 July 1937

https://en.wikipedia.org/wiki/Monopole_antenna
https://en.wikipedia.org/wiki/Monopole_antenna
https://en.wikipedia.org/wiki/Dipole_antenna
https://en.wikipedia.org/wiki/Vertical_polarization
https://en.wikipedia.org/wiki/Radio_transmission


Goals
‣To understand the various properties of antennas, so as

to be able to choose the proper antenna for a particular application. 

‣ Antennas are the interface between guided waves (from a cable) 
and unguided waves (in space). 

‣ Realize that not all kinds of cable are appropriate for use with 
wireless systems.

‣ Identify different kinds of cable connectors and understand when 
each kind is needed. 



‣ An antenna is the structure associated 
with the region of transition from a guided 
wave to a free space wave, radiating RF 
energy.

‣ A transmission line is the device used to 
guide radio frequency (RF) energy from 
one point to another (for example a coaxial 
cable). 

Antennas  & Transmission lines 



Bifilar transmission lines 

Bifilar transmission lines are formed by two conductor wires separated by a 
dielectric. There can be an alternating current even in an open ended 
transmission line. 



If we now bend the open ends of the transmission line in 
opposite directions, the currents  will now generate
electric fields that are in phase and will reinforce each other 
and also radiate and propagate at a distance. 

‣We now have a an antenna at the end of the transmission line.



Can be made from simple materials



Basic System Connection

Radio

Connector 

Coax Cable

Antenna 



Center CoreMetallic Shield Dielectric InsulatorPlastic Jacket

Basic Coaxial Cable





The loss (or attenuation) 
of a coaxial cable depends 
on the construction of the 
cable and the operating 
frequency. 

The total amount of loss is 
proportional to the 
length of the cable. 

Coaxial Cable Signal Loss



Connectors come in a huge variety 
of shapes and sizes. 

In addition to standard types, 
connectors may be reverse polarity 
(genders swapped) or reverse 
threaded.

Coaxial Cable Connectors



Adapters & Pigtails Adapters and pigtails are used to interconnect 
different kinds of cable or devices.



All materials will oppose the flow of an alternating current to some 
extent. This opposition is called impedance, and is analogous to 
resistance in DC circuits.

Most commercial communication antennas have an impedance of 50 
ohms, while TV antennas and cables are usually 75 ohms. 

Make sure that the characteristic impedance of the cable between the 
radio and the antenna is 50 ohms. 

Antenna impedance must equal the transmitter output impedance to 
receive maximum power.

Impedance



Matched Impedance



Efficiency
Efficiency of a transmitting antenna is the ratio of power actually radiated (in 
all directions) to the power absorbed by the antenna terminals.



Isotropic antennas 

A theoretical isotropic antenna radiates the energy fed 
into it equally in every direction in space. It is only an 

ideal model and cannot be built. 



Real-world antennas are characterized by their ability to radiate more 
strongly in some directions than in others; this is called directivity. 





Antenna Beam Width



Front-to-back ratio 
The front-to-back ratio of a directional antenna is the ratio of the 
maximum directivity of the antenna to its directivity in the opposite 
direction.



Polarization
‣ Electromagnetic waves have electrical and magnetic components. 

‣ The polarization of transmitting and receiving antennas MUST MATCH for 
optimum communications.



An example of a vertical antenna is a 
broadcast tower for AM radio or the 
"whip" antenna on an automobile.

Horizontally polarized (linear) 
antennas have their electric field 
parallel to the Earth's surface.



A circular polarized wave radiates energy in both 
the horizontal and vertical planes and all planes 
in between.



ANTENNA POLARIZATION 

Vertical
Horizontal 
Circular





In electromagnetics, an antenna's power gain or simply gain is a key performance number which 
combines the antenna’s directivity and electrical efficiency. 

In a transmitting antenna, the gain describes how well the antenna converts input power into radio 
waves headed in a specified direction. 

In a receiving antenna, the gain describes how well the antenna converts radio waves arriving from a 
specified direction into electrical power. 

When no direction is specified, "gain" is understood to refer to the peak value of the gain, the gain in the 
direction of the antenna’s main lobe. A plot of the gain as a function of direction is called the radiation 
pattern.

Antenna gain





Antenna Pattern



Antennas do not add power. They direct 
available power in a particular direction.

The gain of an antenna is measured in dBi
(decibels relative to an isotropic radiator). 



Antenna Gain:

•Each 3 dB gain doubles ERP.

•Example:  2w radio signal thru a 6dB gain antenna 
would equal 8w of ERP. 



Effective radiated power is the term that describes station output, 
including the transmitter, antenna and everything in between, when 
considering transmitter power and system gains and losses.  
The effective radiated power, or ERP, is always given with respect 
to a certain direction.



Bandwidth
The bandwidth of an antenna refers to the range of frequencies 
over which the antenna can operate correctly.



A common example is a power amplifier connected through a 
transmission line to an antenna. SWR is, thus, the ratio between 
transmitted and reflected waves. ... Since SWR commonly refers to 
the voltage ratio, it is usually known as voltage standing wave 
ratio (VSWR).

The range of values for SWR is from 1 to ∞.  A SWR value under 2 is 
considered suitable for most antenna applications. The antenna can 
be described as having a good match.

The antenna's bandwidth is the number of Hz for which 
the antenna will exhibit an SWR less than 2:1.



SWR of a base transceiver station (BTS) Antenna port means that
when an Antenna is connected to the BTS output port, then how much
power gets reflected back from the Antenna port when BTS is
transmitting. If SWR value equals to 1, then there is no reflection and all
the power is transmitted through the Antenna.





ANTENNA

SWR METER

COAXIAL FEEDLINE

MOUNT

TEST JUMPER, COAX

BTS 

SWR meter is placed in-
line between the BTS and 
antenna system



SWR Meters 



Ground plane
In antenna theory, a ground plane is a conducting surface large in 
comparison to the wavelength, such as the Earth, which is connected to 
the transmitter's ground wire and serves as a reflecting surface for radio 
waves.

https://en.wikipedia.org/wiki/Antenna_(radio)
https://en.wikipedia.org/wiki/Wavelength


Ground plane
In telecommunication, a ground plane is a flat or nearly flat horizontal 
conducting surface that serves as part of an antenna, to reflect the radio 
waves from the other antenna elements. 

https://en.wikipedia.org/wiki/Telecommunication
https://en.wikipedia.org/wiki/Antenna_(radio)
https://en.wikipedia.org/wiki/Radio_wave


Ground plane

In electrical engineering, a ground plane is an 
electrically conductive surface, usually connected to electrical ground. 
The term has two different meanings in separate areas of electrical 
engineering. 

https://en.wikipedia.org/wiki/Electrical_engineering
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Ground_(electricity)


Antenna Ground

Do I need to ground my antenna and coaxial cable?











Antenna features 

‣ Usable frequency range (bandwidth) 

‣ Radiation pattern (beamwidth, sidelobes, backlobe, front-to-back ratio, 
location of nulls) 

‣ Maximum gain 

‣ Input impedance 

‣ Physical size and wind resistance 



Unity or 0-gain Antenna:



Side View



Unity or 0-gain Antenna:

Side View

Presenter
Presentation Notes
Describe patterns, therefore reasons for antenna selections



High-gain Antenna:







Omni-Directional Antenna:

Side View

Presenter
Presentation Notes
Beginning of antenna field strength illustrations



Omni-Directional Antenna:

Side View

Top View
360 Radiation Pattern



Off-set Antenna:

Side View



Off-set Antenna:

Side View

Top View



Yagi Antenna:

Side View



Yagi Antenna:

Side View

Top View



Dish Antenna:

Side View



Dish Antenna:

Side View

Top View



Presenter
Presentation Notes
Beginning of antenna problem pictures



Presenter
Presentation Notes
Longwood – antenna actuall in tress and facing wrong direction, but worked due to our fade margins



Questions ?



Thank You!

The End
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