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Radio FrequencyRadio Frequency

Radio frequencies 
are high frequency 
alternating current 
(AC) signals that 
are passed along a 
copper conductor 
and then radiated 
into the air via an 
antenna.



RF BehaviorsRF Behaviors

Gain.
Loss.
Reflection.
Refraction.
Diffraction.
Scattering.
Absorption.



GainGain

The term used to describe an increase in an 
RF signal's amplitude.



LossLoss

Loss describes a decrease in signal strength



ReflectionReflection

Reflection occurs when a propagating 
electromagnetic wave impinges upon an 
object that has very large dimensions when 
compared to the wavelength of the 
propagating wave.



RefractionRefraction

Refraction describes the bending of a radio 
wave as it passes through a medium of 
different density.



DiffractionDiffraction

Diffraction occurs when the radio path between the 
transmitter and receiver is obstructed by a surface 
that has sharp irregularities or an otherwise rough 
surface. 



ScatteringScattering

Scattering occurs when the medium through which 
the wave travels consists of objects with 
dimensions that are small compared to the 
wavelength of the signal, and the number of 
obstacles per unit volume is large. 



AbsorptionAbsorption

Absorption occurs when the RF signal 
strikes an object and is absorbed into the 
material of the object in such a manner 
that it does not pass through, reflect off, 
or bend around the object. 



Voltage Standing Wave Ratio (VSWR)Voltage Standing Wave Ratio (VSWR)

VSWR - like water through a hose



VSWR MeasurementsVSWR Measurements

VSWR is a ratio.
It is expressed as a relationship between 
two numbers.
The two numbers relate the ratio of 
impedance mismatch against a perfect 
impedance match.



Effects of VSWREffects of VSWR

Excessive VSWR can cause serious problems 
in an RF circuit. 
Most of the time, the result is a marked 
decrease in the amplitude of the 
transmitted RF signal.



Solutions to VSWRSolutions to VSWR

It is imperative that all cables, connectors, 
and devices have impedances that match as 
closely as possible to each other. 
Never use 75- Ohm cable with 50-Ohm 
devices, for example. 
Every device from the transmitter to the 
antenna must have impedances matching as 
closely as possible.



Principles of AntennasPrinciples of Antennas

Antennas convert electrical energy into RF 
waves in the case of a transmitting 
antenna, or RF waves into electrical energy 
in the case of a receiving antenna.
The physical dimensions of an antenna, 
such as its length, are directly related to 
the frequency at which the antenna can 
propagate waves or receive propagated 
waves.



Line of Sight (LOS)Line of Sight (LOS)

The apparently straight line from the object 
in sight (the transmitter) to the observer's 
eye (the receiver). 



FresnelFresnel ZoneZone

It defines an area 
around the LOS that 
can introduce RF 
signal interference if 
blocked 



Antenna GainAntenna Gain

An antenna element is a passive device.
The antenna can create the effect of 
amplification by virtue of its physical 
shape.
Antenna amplification is the result of 
focusing the RF radiation into a tighter 
beam.



Intentional RadiatorIntentional Radiator

An RF device that is specifically designed to 
generate and radiate RF signals. 
An intentional radiator will include the RF 
device and all cabling and connectors up to, 
but not including, the antenna.



Equivalent Equivalent IsotropicallyIsotropically Radiated Power (EIRP)Radiated Power (EIRP)

The power actually radiated by the 
antenna element



Radio Frequency MathematicsRadio Frequency Mathematics

Power at the transmitting device.
Loss and gain of connectivity devices 
between the transmitting device and the 
antenna.
Power at the last connector before the RF 
signal enters the antenna (Intentional 
Radiator).
Power at the antenna element (EIRP).



Units of MeasureUnits of Measure

Watts (W)
Milliwatt
Decibels
dBm
dBi



Watts (W)Watts (W)

One ampere (A) of current at one volt (V).



MilliwattMilliwatt

1/1000 watt



DecibelsDecibels

Decibels allow us to represent these 
numbers by making them more manageable 
and understandable.

Decibels are based on a logarithmic 
relationship to the previously explained 
linear measurement of power: watts.



Gain and Loss Gain and Loss MeasurementsMeasurements

Converting mW to 
dBm:

Converting dBm to 
mW:



dBmdBm

The reference point that relates the 
logarithmic dB scale to the linear watt scale 
is:

1 mW = 0 dBm

The m in dBm refers simply to the fact that 
the reference is 1 milliwatt (1 mW) and 
therefore a dBm measurement is a 
measurement of absolute power. 



dBidBi

The decibel units

The unit of measurement dBi refers only to 
the gain of an antenna

The dBi measurement is used in RF 
calculations in the same manner as dB. 
Units of dBi are relative.
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